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(57) Abstract 

A traffic channel transmission device for a CDMA communication system using a plurality of coding rates and orthogonal codes, 
determines a present channel condition and adaptively selects a coding rate and an orthogonal code according to the determination. In the 
device, a channel receiver receives a channel signal and a controller analyzes the received signal to decide an environment of a channel in 
service and generates a coding rate select signal and orthogonal code information according to the decision result A channel transmitter 
includes a channel encoder (311, 312) for encoding transmission data at a coding rate selected according to the coding rate select signal 
(Csel) and an orthogonal modulator (361, 362) for generating an orthogonal code according to the orthogonal code information to spread 
the encoded data with the generated orthogonal code, whereby the channel transmitter adaptively encodes and spreads the transmission data 
according to the channel environment. The orthogonal code information includes a number and a length of the orthogonal code. 
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RATE CONTROL DEVICE AND METHOD FOR CDMA 
COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates generally to communication systems, and in 

particular, to an apparatus and method for adaptively controlling a channel data 
rate according to a channel environment in a CDMA communication system. 

2. Description of the Related Art 

At present, CDMA (Code Division Multiple Access) communication 

1 o systems are implemented in accordance with the IS-95 Standard. With the 

progress of mobile communication technology, the number of mobile 
communication service subscribers is increasing and demands for various 
services are rising in proportion to the inpreased user^demand. To date many 
methods have been proposed to meet the subscribers' demands. - 

: < -IT -a. ■■ : ■ * ' . : 

15 : FIG. 1 illustrates a struptare of a forward traffic channel transmission A 
device for the CDMA communication system, wherein the traffic channel 
includes a fundamental chaianel and a supplemental channel. /• i 

Referring to FIG. 1, a channel ^encoder and puncturing part 10 encodes 
and punctures input data and outputs symbol data. A,cohvolutional encoder or a 

2 o turbo encoder can be used for the channel encoder and puncturing part 10. A 
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symbol repetition part 20 repeats the respective encoded symbol data for the 
input data having different bitrates to output a-single common symbol rate. An 
interleaver 30 interleaves an output of the symbol repetitionpart 20; A block 
* interleaver can be used for the interleaver 30? • ... 

5 • A long code generator 91 'generates long codes for the user identification, 
which are uniquely assigned to the respective subscribers. A decimator 92 
decimates the Jong codes so as to match a rate of the long codes to a rate of the 
symbols output from the interlea^O. A inker 40 mixes the' encoded symbols 
output from m^^^ 

10 A 'signal taa^^ 4o into 

4-level data by converting dafe ^0^6^! ^data *'i " ttf An orthogonal 



an 
case, 
s 



modulator 60 modulates data output from the signal mapping part 50 witii 
orthogonal code. A Walsh'code can be used for the orthogonal code. In this 
Walsh codes of lengths 64, 128 and 256 bits can be used. A spreader 70 spread; 
15 the orthogonal modulation signal output from the orthogonal modulator 60 by 
combining it with spreading sequences. PN (Pseudo-random Noise) sequences 
can be used for the spreading sequences/Accordingly, a QPSK (Quadrature 
Phase Shift Keying) spreader can be used for the spreader 70. A gain controller 
80 controls a gain of the spread signal input from the spreader 70 according to a 
20 -gain control signal -Gc. ( ; - .: t • : .. 

In operation, when the convolution^ encoder is used for the channel 
encoder arid puncturing part 10, the coding rate is 1/3 and the constraint length, 
™ k= 9, for an IS-95 system? Therefore, one input data bit is encoded into three 
■ encoded bits (i.e., three symbols) in me channel encoder and puncturing part 10 
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(which performs 1/3 rate convolutional encoding or 1/3 rate forward error 
correction (FEG)). Forward error correction is utilized to provide coding gain to 
a channel sopas to compensate for an increase in a BER (Bit Error Rate) at a 
mobile station (for the case of a : forward link) and a base station <f or the case of 
5 a reverse link). An increase in the BER of a channel may arise as a result of the 
, channel having a reduced SNR. (Signal-to^Noise &atio) . due to an increase in 
signal path loss, noise and int^rfefence. n [, * 

It is well laiown tljat CDMA cc^ijpi^nicatiGp systems cannot provicje 
. reliable coi^uniea^^ 
1 0 service area of the base station or is in a bad channel environment. In this case, it 

: is prefesrable tp^phange ti^e^o^^ tiieHqiuality pf T the . ^ 

s , , comipunicatipn servipe injhe bad channel ^n^rpnHientr.; Tkty is; when the . i 

chai^el SNR is reduced due to a b^d chann^J .^nwonmfrnt or an increased ^ 
: . distance between a mobile station and a base^statipn, it is preferable ito, : iwe a . £>• 
15 coding rate (or FEC rate) lower, 1/6 fpr example, than the present coding jate of& 
.1/3. , ^ ; . v ...... ; . • . , ^ ... , v :r *. , 

. , In particular, when the distance between the base station : and the mobile 
. station increases, a reception device is very susceptible.to path loss or noise on 
: , the link channel and interference, so, that the channel SNR is reduced , unless a 
2 o transmission device increases the transmission power or performs a pertinent 
compensation. Therefore, when the traffic channel transmission device with the 
fixed channel structure of FIG. 1 experiences an increased BER (Bit Error Rate) 
due to a reduction in SNR, the base station increases a forward link traffic power 
in order to. compensate for the increase in, the BER. Therefore, it is preferable to 
2 5 use the FEC with a lower coding rate than the FEC in use. Given a 1/3 coding 
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rate it has been shown that channel gain is lower by about 0.2-ldRas compared,, 
with a 1/6 coding rate. For example, the forward reception, power. of * mobile ^ 
station using the 1/3 coding rate is lower by about ldB than that of a mobile 
station using the 1/6 coding rate, when ce mobile station is far from the base 
5 station or in a bad forward channel environment. Therefore, the base station 
should increase the forward link transmission power, resulting in a waste of 
transmission power and low communication performance, r. . 1 ; : . : , . 

Unlike the channel transmission device with the fixed channel structure of 
FIG. 1, a channel transmission/reception device for a.3rd generation multicairier 
i o CDMA system. as:proposed hxtherTIA^IA.TR45.5 conference, .includes a , 
v scheme for. transntitting and receivin'githe respective channefcdata by distributing 
them to the multicarrier.;,For example; when three carriers are used and axate 1/3 
encoder is used, the multicarrier scheme encodes-the respective inputdata bit 
into three encoded bits (i.e., symbols) using the rate 1/3 encoder and transmits 
15 the encoded bits using the three carriers after repetition and interleaving. This is 

well disclosed in Korean patent application)!*). 616,16/1997 filed by ;the . 
>• applicant of this invention. Here.the respective carriers each . have a . bandwidth 
of 1.2288Mhz (hereinafter, referred to as 1.25Mhz) which is identical to the IS-: 
95 channel bandwidth. Therefore, the mree- carriers have a combined or 
2 o collective bandwidth of 3.6864Mhz , which is identical to three separate channel 
bandwidths: r ♦ - , * 

i . The forward link of the 3G multicairier system can employ an overlay 
: method where it sharesthe same frequency. band with theJS^S forward channel. 
* L " ^ case ' k ma y ^interfered with the IS-95 system. In addition, it is ' 
25 preferable to use the coding rate lower than the present coding rate of 1/3, even 



BNSDOCID: <WO 9945660A1_I_> 



* 

WO 99/45660 



PCT/KR99/00094 



- 5 - 

when the channel SNR is reduced due tothe bad channel environment or the 
increased distance between the mobile station and the base station. 

SUMMARY OF THE INVENTION 

i It is therefore an object of the present invention to provide methods and 
5 an apparatus for adaptively changing a coding rate of channel data according to 
the channel environment in a CDMA communication system. 

r; ; It is another* ols^ect of tire present invention; to provide; a traffic channel 
transmission apparatus for a CDMA doiffiiimicatum system having, a plurality of , 
coding:Tates ;andaorthogonail? codes- whighidetermines ^present channel condition^ 
1 0 and adaptively selects a coding ^Tate^an&a^ :orthogolial code according to the x 

determination, and amethod for operating,the:same. l : *t i . - 

It is further another object of the present invention to provide a traffic 
channel transmission apparatus for a CDMA communication system having a 
plurality of coding rates and orthogonal codes, which selects, the coding rate and 
15 the orthogonal code according to control information^trahsmitted from a 
transmission device, and a method for operating the same. 

It is still another object of the present invention to provide a traffic 
channel transmission apparatus for a CDMA communication system having a 
plurality of coding rates and orthogonal codes, which selects/the coding rate and 
2 0 the orthogonal' code, and the assignment of the new. orthogonalLCode should be 
done in such a way that total Mailable number of orthogonal codes, left after the 
assignment, could be maiptained maximum. 
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It is further another object of the present invention to provide a traffic 
channel transmission apparatus for a multicarrier CDMA communication system 
having a plurality, of coding rates^d orthogonal codes, which determines a 
present channel condition and adaptively. selects the coding rate and the : 
i 0 ^ 0 Sonalcode-accordmgto^^ 



same. 



It is yet another object of the present inventron to provide a traffic channel 
transmissiori.device for anticarrier CDMA communication system having a 
plurahty i0 f coding rates and orthogonal: codes, which selects^ coding rate and 
the orthogonal code according to control information ^ansniittedfrdm a - ' " 
transmissibn: device; and a met^0d::for:0peratmg m e same . ^ r; : „ i 
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BRIEF DESCRIPTION OF THE DRAWINGS 

- The above: and other objects, fealiires and advantages of the present : 
invention will become more apparent /frorn? the following detailed description 
when taken in conjunction with the accompanying drawings in which like 
5 reference numerals indicate like parts. In the drawings: 

FIG. 1 is a diagram illustrating a channel transmission device in a 
. ' conventional CDIV^ T ? - ' ' 

. F1G> 2 is a^diagram illustrating : : 

_ j chanpeLdata rate according to a c^ . . ; 

10 embodiment: of Represent inyentibhjr oi 5 : : : :< . . ' p , : <* t 
FIG. 3 is a diagram: iUusteati^ 
transmission device including plural encoders of different rates; 

FIG. 4 is a diagram illustrating a reverse traffic channel reception device 
including plural decoders of different rates; 
15 FIG. 5 is a flowchart illustrating a method whereby a mobile station, in 

response to a base station order, selects and encoder using a paging channel and 
an access channel during a call setup according to an embodiment of the present 
invention; 

FIG. 6 is a flowchart illustrating a method whereby a mobile station, in 
2 0 response to a base station order, changes the rate during the call progressing 
according to an embodiment of the present invention; 

FIG. 7A is a flowchart illustrating a method whereby a base station 
changes a data channel rate upon reception of a rate change request message 
from a mobile station according to an embodiment of the present invention; 
2 5 FIG. 7B is a flowchart illustrating a method whereby a base station 

changes the data channel rate of a mobile station when a rate change request 
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message is not received from the-mobile. station according to an embodiment of 
the present invention; 

FIG. 8 is ^flowchart illustrating a procedure in which the mobile station 
changes the rate.Upon reception of a rate change request message from the base 
-station and analyzes a .channel environment to send a-rate change request, 
message to the base station ; based. on the analysis according to.an embodiment of 
. the present invention; , : . / . . , , 

FIG. 9 is a flowch : art:illustr a ting,a procedure.-m which the base station 
•changes aao,&og-oiud-c<>d* according to an 

embodiment of the present invention;: and ^ :r; 

transmission device including a plurality^ encoders having different rates, and 
adaptively selects the] enfeodfcisafccDMihg tosmehchannel environment in 
accordance with an embodiment of 1he presen^vention. - . . . : ... 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A traffic channel transnussion/reteptidn device according to an 
embodiment of the present invention 'increases fchanriel perfon&afice by 
decreasing the coding'rate thereby causing an increase iii the coding gain; The 
5 method has particular applicability for' those Situations where path loss or 
interference increases between a base station and a mobile station on a CDMA 
link chartti'eh For exan^ple, -when~using r # 1/6 coding'raJe father than a 
; conventional 1/3 coding rate, it 

increase in signal path loss, noise and interference; T^ere^^ bad 

1 0 ^chajarielxnvkonment; it is more .efficient toruse ^the^lower coding fate: of 1/6 
r :xa&erthanih& t^;/ar :..:.:,jv- r ^ 

: i An illustrative embodiment wiU^^ of 
improving a receiver ii performanccby channel encoding at two different rates a 
as applied to a 3G multicarrier CDMA system. 

15 In a CDMA communication system, under certain channel conditions the , 

use of an encoder operated at a lower coding rate has the effect of increasing the 
channel gain and thereby improving channel performance. In the light of this, a 
system having a coding rate which is initially set for a call, adaptively selects the 
lower coding rate for the forward channel transmission to improve the 

2 o performance. In the illustrative embodiment, the channel transmission device 
comprises a plurality of channel encoders having different coding rates and 
corresponding orthogonal modulators for generating orthogonal codes. The 
channel transmission device can adaptively control the coding rate and the 
orthogonal modulation according to the channel environment. Further, the 

25 channel reception device examines the coding rate and the orthogonal code 
according to control information output from the channel transmission device 
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and thereafter, performs orthogonal demodulation and channel decoding for the 
received signal in accordance with the control information;- 

Although the present mvehtion will be described as comprising two • 
coding rates (i.e. 1/3 and 1/6), they are provided merely by way of example. It 
5 is to be appreciated that the use of other coding rates are well within the scope of 
the present invention. Moreover, iWpurposes of illustration, the traffic channel 
of the forward link may be characterized as comprising a base station as me 
transmission device and a mobile station as the reception device. 

FIG. 2 is a block diagram^ofadecision apparatus for analyzing a channel 
10^ environment and S ele : ^ ^ ^ , 

aspect of the present invention?-- '^-'? ^ I ci* : v; ry.- t ; ■, . . , ,: 

Referring to FIG: 2, receiver part 2l'r presses a signal received from a 
sending station (i.e. base or mobile)! The receiver 211 extracts a power control 
bit (PCB>frbm the received signal to^detect a received signal strength indicat oV 
15 (RSSI), and outputs PCB, RSSI, and INFO data to a decision block 213. 

The control block 213 analyzes the INFO, the PCB and the received 
signal strength output from the receiver 21Pand, if rate change is required, 
generates a control signal Csel for selecting a coding rate , orthogonal code 
number and length signals Output signals Who and Wlength are output from the 
1 0 decision block for selecting the orthogonal code corresponding to the selected 
coding rate. The decision block 213 compares a signal gain, the number of power 
: mcrease requests minus the number of power decrease requests (i. e., the number 
of up command PCfil minus the number of doW command PCBs) and the 
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energy of the received signal strength with the respective threshold values to 
detect the channel, environment That is, the decision block 213 generates the 
signals Csel, Wno and Wlength for selecting the lower FEC rate, when the input 
parameters have ^values lower than the lo>ver bound threshold values. That is 
5 - when: . ■ , , . ( , .* . u . ? - , ^ . , _ , . ^ , r . ... 

t . . . the signal gain < S Jow_Th <.P_high_Th, and (average E[RS SI]) < , : 
RJo\y_Th , Vi T J k*y- 7 : v -f * f -w^ *-■ 

where S low_Th : is a PCB value accumulated for a particular duration; 

, - v ' r; ■ ■ • -Th. r represents the tlu^eshpld yalue; ; ^ , ; - : 

10 ... Sy ow,,P. high V R Jo>y;; ^represent lower bound threshold values of 

the signal, the PCB and the RSSI, respectively). r . . . • : n : 

. . . Further, the decision blqck 213 generates the signals Csel, Wno . 

- f ^and Wlength for selecting the higherFEC rate, when the inputparamfters have^ 
, values higher than. the upper hound threshold values, . That is when: . r 

15 signal gain > SJiighJTh > PJowJTh, and E[RSSI] > RJughJTh 

where S high Th : is a PCB. value acQumuJ.ated for ; a particular duration; 

In determining a channel data rate change the decision block 213 can use 
all or some of the parameters. - . . . , 

A transmitter 215 transmits, messages MSG, including a message required 
2 0 for the rate change, ^output from the decision. block 213 to the receiver station. 
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The apparatus described at FIG. 2 can be implemented either at a BS or MS for 
sending the message MSG. : " :.. . .'. 

FIG. 3 is a block diagram iUmtratmg a stmcture of a forward link traffic 
• channel transmission device including a rate 1/3 encoder and a rate 1/6 encoder 
5 according to an embodiment of the present invention. ' 

Referring to FIG, 3, a selector 301: has >a first output connected to an input 
of a first^encoder 31 Land a second ^ co^ectedW anlnput of a second 
encoder 3 1 2.1 Th & selector 301 receives input data 1 to be fransmitted and 
^selectively outputs me ^ d^^^ 
10 =312 acc6rdingteithV^ 



^ ' The &sten ^er311 r upon^e^ 

encodes the input data^ into data symbols at a first coding rate (the 1/3 coding 
rate).' That is; th* first encoder 311 encodes one input data bit into three symbols. 
A convolutional encoder or a turbo encoder can be used for the first encoder 
15 31;l . A first symbol repetition part 321 receives the data encoded at Hie first 
coding rate, and repeats the symbols output from the first encoder 3 11 as 
necessary so as to match the symbol rates of the data having different bit rates. 
- A first-interleaver 3 31 interleaves first encoded data output from me first symbol 
repetition part 3 2 1. A block interleaVer can be used for the first interleaver 33 1. 

2 0 .- The second encoder 312,- upon reception of the data input from the - 
? ' seIector 3 °l. encodes and punctures the input data into data symbols at a second 
coding rate (the 1/6 Wding rate). That is, the second encoder 3 12 encodes one 
input data bit into sixsymbols, A convolutional encoder or a turbo encoder can 
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be used for die second encoder 3 12. A second symbol repetition part 322 
receives the data encoded at the second coding rate, and repeats the symbols 
output from the second encoder 3 12 so as to match the symbol rates of the data 
haying different bit rates. A second interleaver 332; interleaves second encoded 
5 data output from the second symbol repetition part 322. A block interleaver can 
be used for the second interleaver 332. ; ; \ v ■ , v . : ; : : . ; 

A, long code generator, 3 9^, generates long codes for theruser ?> 
identification,.^ A , 

decimator 392; £ecimate v s jthe^Jor^g-TOde^isj), $& to tna&fo arat?*©f the long codes to 

10. a rate.of the sym^ol^u^ 

selectiv^y ^utputejie Jecim^ 392 to a i - - 

mixer 341 or a mixer 342 according to the select signal Csel. The selector 393 
switches .the decimated l<?ngxodie to $He:firstmixer.34J torselect the 1/3 coding , 
rate and to the second mixer 342 to select £he / 16 coding rate. The mixer 341 \ 

15 mixes the first ^encoded data outputAqm the first interleaver. 331 r \yith the long ■„ . 
code output from the selector ,393 . The second mix^r 342 mixes the second 
encoded data output from the second interleaver 33 2 with the long code output 
from the selector 393. : . - f ; - : .-■'■v 

- A first signal mapping part 351 converts; levels of the binary data output 
2 0 from the first mixer 341 by converting data "0" to and data "1" to ''-l". A 
first orthogonal modulator 361 includes a first orthogonal code generator (not 
shpwn) which generates a first orthogonal code for orthogonally modulating the 
first encoded data according to the orthogonal code number and length signals 
Wno and Wlength output from the decision block 213; The first orthogonal . 
25 modulator 361 multiples the first orthogonal code generated according to the 
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orthogonal code number and length signals Who and Wlength by the data output 

from the first signal mapping part 35 1 to generate a first orthogonal modulation 

signal. Here, it is assumed that the Walsh code lis used for the orthogonal code 

and a Walsh code of length. 256 is used for the data encoded at the first coding 
5 rateof.1/3. • - .'; L* •„. •; / , . . : .... • ... 

A second signal mapping part 352 converts levels of the biliary data 
-output from the -second mixer 342 by converting data "0? to and data "1 " 
to;/- l ": :A second -orthogonal modulator 362 includes a second orthogonal code 
generator (not shown) which generates a' second ormogbnal "code for" :=.,:,;;< 

l ^orthogonally modulating the: second encoded data according to the orthogonal - 
code -number and length signateoWno and- Wlength Output *6ni-the decision - 
block 213/The second ormogc^al adulator 3 62^ multiples second 
orthogonal code generated according tO' the orthogonal code number and length 
signals Wno and Wlength by the data output from the second signal mapping 

15 part .352 to generate a seeond orthogonal modulation signal. Here, it is assumed 
that the Walsh code is used for the orthogonal code and a Walsh code of length 
128 is used for the data encbded at-the second- coding rate of 176. 

A Spreader 370 combines *e first and second orthogonal modulation 
signals output from the first and second orthogonal modulators 361 and 362! with 
20 the received spreading sequence to spread a transmission signal. Here, the PN- 
sequence can be used for the spreading sequence and the QPSK- spreader can be 
used for the spreader 370. A gain controller 380 controls a gain of the spread 
signal input from the spreader- 370 according to a gain control signal Gc: 

The operation of the traffic channel transmission device will be provided 



BNSDOCID: <WO 9945660A1J. 



WO 99/45660 PCT/tfR99/00094 

f 

- I,: 15 - 



with specific reference to EIGs. 2 and .3.. ^ 

' . •• u : The decision block 213, analyzes the parameters PCB, received signal 
strength (RSSI) and INFQ output from the receiver 211 to determine whether to 
change the channel data rate. Here, the parameters include the received signal : 
5 strength RSSI, the accumulated value of the PCB received during a particular 
duration, some integer multiple of 4;25: milliseconds, and the message indicator, 
INFO representing a . request by the other party for a change in .the channel data 
rate during communication. First, the transmitter 215 determines whether the 
signal strength (ije RSSJ) of the signal received during communication is'lower 

1 o t : thaxi the lower.bqiuid threshold value;. ; When the jstrepgthRSSI of the received ; 

signal is lqw&r th^lhejhresho^ radio, sensitivity: is poor., In - : 

this case, , the decision block % 1 3 maty "genet at^the ; signals Csel, Wnb and ; 
Wlength to decrease the present channel data rate. > t, ; : ; / ^ 

? ; .j. In addition, the mobile statio 
15^ base station and outputs the power control bit PCB to control the, transmission 
power of the base station through the reyerse^link, and vipe versa through the 
forward link. The base station then examines the power control bit PCB from the 
mobile station ; and counts the number of power-up PCBs and the number of the 
. power-down PCBs received. v When. the, count /value of ^fhe power-up PCBs, 

2 0 within a predetermined time dirration exce^s a predetermined value, the 

. decision.block 213 may generate the control :signals to increase the current : ; 
channel data rate. Otherwise, if the, count value of .the power-down PCBs, : 
within a predetermined time duration exceeds a predetermined value, the ; . 
decision block 213 may generate the control signals to decrease the present 

25 channel datarate. . - , v . / , 
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• In addition, the rate change request can also be ; made at the mobile 
station. In this case, the mobile station makes ajequest using the message INFO, 
and the decision, block :2 1-3 in the base station-then receives -the request message 
INFO through the Teeeiver 21 1. : . . 

5 The decision block 213.fcan iise other parameters ih additton or in . 

-. substitution of the parameters stated- above to measure the channel,environment 
and performance. The present fflusteative embodiment, however, uses only. the 
three parameters stated above^Furmermdre, depending on the design of the 
algorithm of the decision block 213, it is also possible to initially change the 
1 0, . channel data xate wheneventhe respective parameters are:received or'only when: 
a subsets parameters are received.^In addition,; whenlhe lefianneLehvironment 
v becomes poor, the decision blocks lS.can improve Hie 1 channel environment by 
selecting the lowerxoding rateXWheh Hie channel environment improves, the 
decision block 213 can restore the coding rate to the original higher coding rate. 



anew 



15 .• ... • To changed coding rate the. decision block 213 generates ar 
orthogonal code number and length signals Wno andWIengthto allocate 
-c channel during the coding rate change. When the coding rate is changed, the 
orthogonal code should be also changed. To change the coding rate the decision 
block 213 generates the select signal Csel for selecting the encoder having the 
2oy corresponding coding: rate; and the orthogonal code number and length signal 
Wno. and Wlength for generating a new orthogonal code corresponding to the 
selected coding rate:- When the encoder having a lower coding rate is selected, 

. shorter orthogonal code should be generated; whenthe encoder having a high 
coding rate is selected, a longer orthogonal code should be generated. 



Is 



a 
er 
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FIG. 3 shows the transmission channel structure in which the forward link 
is switched to the first encoder 3 1 1 of the:l/3 FEC rate or the second encoder 
3 12 of the 1/6 FEC rate in accordance with the channel environment The data 
input path is switched to either the encoder 3 1 1 or the encoder 3 12 by the 
5 selector 301. Thus, the transmission data undergoes a different FEC rate 

according to the selectecWata^path. T^ is; based, on the select signal Csel 
> output from the decision blojck 213, the selector 3,01 switches the input data to 
the first encoder 311 when the channel; environment is good,- and switches the 
input data to the second Encoder 3 l'2:iwhen.:cKaimel;environment is poor: 
" -\j \ • /\ : \ • r. >y & -v.-: »■ •: a* .1 :t .£{ C Jo*. j.: r- : •■ 1 /: ■; r -v.- 
10 r ijrlnadditixm^sincr^ According: 1 

tir to the change ;of.fheFE£ r rate;dtis rieaesstoy to: select one of the orthogonal ; 
^modujators 361 aiHl^362 according XcriM change of the FEC.rate/ That is; when 
the first sncoder 3 1 1 is selected to use the 1/3 :FEC rate, the orthogonal code; 
generator in the first orthogonal modulatory 1 generates the orthogonal code of 
15 length 256 according to the orthogonal code number and length Wno and 

Wlength. Therefore, the orthogonal modulatory 61 multiplies the signal encoded: 
at the- 1/3 FEC rate by, the orthogonal code ta generate the first orthogonal ; 
modulation signal, and the spreader 370 spreads the first orthogonal modulation 
signal using the, PN sequences PNI and PNQ. : « 

20 Furthermore, when the seeondiencoder 3 12 is selected to use the J/6 FEC 

rate, the orthogonal code generator in the second: orthogonal modulator 362 
generates the orthogonal ^ode.of length: 128 according to the orthogonal code 
number and length Wno and, Wlength. Therefore, the. orthogonal modulator 362 
multiplies the signal encoded at the 1/6 FEC rate by Jhe orthogonal code to 

25 generate the second orthogonal modulation signal, and the spreader 370 spreads 
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the second orthogonal modulation signal using "the PN sequences PNI and PNQ. 

: • As can be.appreciated from the foregoing description, there is no change 
in structure of .the-spreader 370,for spreading. the orthogonal modulation signal 
. -using the PN sequences. Accordingly, the 1/6 FEC rate scheme is identical in 
5 structure to the 1/3 FEC rate scheme, except for the encoder and interleaves In 
particular, in the 1/6 FEC rate scheme, the bit rate of the final stage is increased 
; from,576 to 1 1-52 bits.pex frame, m addition,lme interleaver size is also increased 
to twice its normal, size..- x.ou-j % v • 



r ' ^ - TO ^fflutfnites the:stiucture- of a ieception-device according to an - : 
10 embodiment,of:the pi^entmv^ 

c; decisibn block 213.havmg;me 

figure, a despreader 410-desprfeads a received signal by combining the received 
signal )W ith :the spreading (i.e. PN) sequences. A selector 420 has a first output 
. corrected to a first ormogonal demodulator 43 
15 to second orthogonal demodulator 432:. The selector 420 switches the despriad 
. signal output from the despreader 410 to the first orthogonal demodulator 43 1 or 
the second orthogonal demodulator 432 according to a select signal Csel output 
from the decision block 213. 

;The first orthogonal -demodulator 431 includes a first orthogonal code : 
10 generator for generating a first ormogond code accordiflg. to the-orthogonal code 
number and length signals Wno and Wlength, output from the decision . block 
213. When connected to the selector 420, the first orthogonal demodulator 431 
>• ' generates..the first orthogonal code according to me ^ orthogonal code number and 
length signals Wno and Wlength and multiplies the despread data by the first 
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tirthogorial code to output a first orthogonal demodulation signal. Here, it is 
assumed that a Walsh code is used for the orthogonal code and a Walsh code of 
length 256 is used for the data encoded at the 1/3 coding fate! A first signal 
demapping part 441 demaps the 4>Jevel signal output from the first orthogonal 
5 demodulator 43 1 into binary data by converting data ''+1^ to "0 " and data "-1 " 

f : : v - Pie second orthogonal demodulator 432 ^includes a second orthogonal 
code generator for generating a second orthogonal code: according to the ~ 
orthogonal code number and length signals Wno and Wlength output from the 
10 decision block 213, When connected to:1heuselector 420^ thef second orthogonal 
^demodulator 43 2 ^generates; the secMd oit^ogcnal code according to the 
orthogonal; code number :and, length, signals: Wno ;and WIehgth and multiplies the 
_ : despread data by the second orthogonal ^code-to; output a second orthogonal ^ 
demodulation signal. -Here, it is assumed: that a. Walsh-code is used for. the 



15 orthogonal code- and a Walsh code of length 128 is used for the data encoded at ^ 
. the 1/6 coding rate. A second sighaLdemapping part 442 demaps the 4-level *\ 
signal output fromr the second orthogonal demodulator,432 into binary data by 
converting data. -?+ j " to- "()"• and data M." to "1"; t l-v,< ^ 



20 generated at the transmitter. ;Here, the dongcodes are the user identification 
codes, ^nd the differentjong codes are assigned to the respective subscribers. A 
decimator 492. decimatescthe; long code so as to match a rate of the long code to a 
rate of the signals output, from the signal demapping parts 441 and 442. A 1 
selector 493 switches the decimated long code output from the decimator 492 to 

25 a mixer 451 or a mixer . 452 according to the select signal Csel. In other words, 



A long code generator 491 generates a long code identical to that 
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the selector 493 switches the decimated long code to thefirst inixef 45 1 to select 
the 1/3 coding rate, and switches the decimated Jong code to^the second mixer 
452 to select the. 1/6 coding rate. The:first mixer 451 mixes an output of me 
signal demapping part 441 with the long. code to delete me long-code contained 
5 in the received signal- and the seconder 452 mixes, an output bf me signal ' 
demapping part 442. with the long code to delete the Jong code contained in the 
received signal. ■„ - : .:■ - - r - - : 

■ ■ '"' A first deinterleaver 461 ^interleaves ie recdved signal output from the 
firsMnixer,451 to rearrange the mterlfeaved^t^ncbded data mto me original : 

10 s*te:.A^ 

deleting the syinW.i^e^ftnc^*(fetta'#5m:me output of the fto&:c 
dem te rleaver461.Afustd ec& der^ 

encoded data output from the first symbol extraction part 471 into the original 

data. 



15 " ' : AseCOnddemterleaver462 de^^^ 

the second mixer 452 to rearrange the- interleaved second encoded data into the 
original state. A second symbol extractioh part- 472 extracts the original encoded 
data by deleting the symbol-repeated encoded data from the output of the second 
deinterleaver 462. A second decoder- 482 having a 1/6 decoding rate, decodes the 

2 0 encoded data output fronMhe second symbol extraction part 472 into the original 

datk; . , 



- It should be appreciated from FIG. 4 that the reception device of the 
' CDMA communication system has a construction which^is the inverse of that 
shown in FIG. 3. - ' . .... •. _ 
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As described above, the illustrative embodiment discloses a method of 
using, the. 1/6 FEC rate for <hs communication between base station and mobile 
station within a bad channel environment which has been degraded due to either 
; a decrease; of SNR or an increased BER in order to provide better, link 
5 performance as eomparedrwitb the case where the 1/3; FEC rate is used. In 
operation, a base station u§es both the* 1/3 REG rate and the 1/6 FEC rate. In the 
case where only the 1/3 FEC rate is used, there are 256 available orthogonal 
codes of length 256. When only the 1/6 FEC rate is used there are 128 available 
orthogonal codes of length l^v HowSeYer^hen the two orthogonal code sets are 
10 both : use;cl, the us§:of ^single oithpgonflkcode^Qf length 128 mkkfes two: of the 
coiTespp^ding^prfhpgond co<Jgs of ^eirgth^2^/iMJayjailable.o rFhe useiof one * 
orthogonal cpde,qf ljen^ ^ode-oJileRgth 128/ ; t : £ 

. unavailable, This £s~be,cattse there aje prthogon&l; codes that are correlated 
between the two orthogonal code;sets.< , , ; : " . ? a 

15 When all of the users have a 1/3 rate FEC, the maximum number of users 

: can be 256, however the maximum number of users willbe 128 if all the users 
have a 1/6 FEC rate. -For this reason, use of the selectable 1/6 FEC rate is 
restricted since it decreases the system eap»city"(i.e.,:t^ It is 

possible to Umit the niunber^pf fo 1/6 FEG rate by 

2 0 allowing use of the 176 rate encoder to the forward link having a high signal 
path loss, a high signal transmission power, or . a high BER In addition, since use 
of one orthogonal code of length 128 precludes the use of two orthogonal, codes 
of length 256, the number of link channels using the rate 1/6 encoder is limited 
as long as it is possible to assign a sufficient; number of orthogonal codes the 

2 5 mobile stations. When utilizing the method of present invention the base station 
should be designed to switchably use both the rate 1/3 encoder and the rate 1/6 



BNSDOCID: <WO 9945660A1J_> 





WO 99/45660 



PCT/KR99/00094 



- 22 - 



encoder. The base station could order a mobile station in a certain condition to 
switch from the 1/3 FEC rate to the 1/6 FEC rate, and could order another 
mobile station in a certain other condition, described below, to switch from the 
. .1/6 FEC rate .tothe 1/3 FEC rate. : ■■ ; . 

5 Moreover, in some cases, it is also possible to initially select one of the 

1/3- FEC rate and the 1/6 FEC rate at the beginning ;of a channersetup process. 
Also; the base station may allow a mobile station requesting the high forward 
traffic channel transmission power to preferentially use the 1/6 FEC rate as long 
as available orthogonal codes' can -be' assigned without establishing -the conditions 
l ; P required to determine whemet to permit a rate change to either the 1/3 FEC rate 
or the 1/6 FEC rate/ Other possible Veiling; cottdrabhs (i.e.^ energy per chip: Ec, 
or chip energy to mterferenc¥fratiol W&m) eatiWdei€nhMed depending on the : 
received power of the forward pilot channel, and the signal path loss, fading and 
signal transmission power of the forward link or the reverse link. - 

15 Orthogonal Code Assignment 

:Tne following is a description and explanation of me present invention 
directed with specific reference to orthogonal code assignment. Since the 
orthogonal codes are generated through the Hadamard' transform, there exist non- 
orthogonal codes between a 2N*2N orthogonal code set and a 2(N+1)*2(N+1) 

20 orthogonal code set. Therefore; for a base station allowing 2 sets of different 
orthogonal codes (e.g., an 'orthogonal code set of length 2*N aid 2*(N+1)), 
orthogonal codes among the 2N*2N orthogonal code set to a forward channel, 
careful selection is necessary in order to maintain the orthogonality with the 
• existing assigned brthogohal code of length 2(N+1). This 'means that the base 

25 station should examine the non-orthogonality between' every orthogonal code of 
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length 2N for a new assignment and all the existing assigned orthogonal codes of 
length 2(N+1).. 

The structure shown in FIGs. 2 through A can be so. designed as to change 
the FEC rate at the forward link. 

5 : r , flQ s l 5 and 6 illustrate a method for switching the coding rate to the 1/3 
FEC rate, or the 1/6 FEC, rate far the; forward link of a 3 G CDMA, system. / 

: , ; - J:x FIG. 5 illusfrateSj a method^ b&se station allows the mobile ,/i 

station to request the .second encoder 3 ^q£&& 1/6 F,EC rate thtpugh the, paging. : ^ 

and.access channels during the pall will be provided below 4 j 

1 0 ,: directed to the operation gf selecting? the 1/6] £££ r^te ifor th§ forward link from > ; ? 
. the start of the call through th^aecess- $fyqnfi$ anci the paging channel at thecal^ 

setup stage, r * • ■ ^ ^ v -- : <\ v -« _ - * . 

FIG. 6 illustrates a method in which the base station allows- the mobile ; 
station to change: the coding rate in the middle of a oall. : A descriptioii will be 
15 provided below; directed £0 qn, operation of switehingfroin the 1/3 FEC rate to 
the^l/6 FEC rate; during the call processing in the IS^95B system: 

Referring to FIG. 5 > for the call : setup, the mobile station sends an v 
origination message (shown in the Table: 1) to the base station 51 1. In the 
origination message of Table 1, a new : MOB^P_REV value (which is different 
2 0 from the existing value) is assigned to the mqbile station which can change, the 
coding rate, and the mobile station sends the origination message by putting its 
own MOB_P_REV value therein. Thereafter, upon ; reception of the origination : 
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message, the base station sends to the mobile station a channel assignment 
message 5 15 (shown in' the following Tables 2A~ to 2G). 

Table 2B shows the channel assignment messagefor ASSIGN_MODE="000", 
Table 2C shows the channel assignment message for ASSIGN_MODE="001", 
5 -Table 2D shows the channel assignment message for~ASSIGN_MODE= "010", 
■ T?^.?? shows the chaimel assignmentjness 1 »] 

, Table 2F shows the channel assignment message for ASSIGN_MODE="100", 
Table 2G shows the channel assignment message for ^SIGN_MODE=" 101". 



™-5^.1? 3 l*l? > ^.!!?*[^L5?!y firstseni a BS-ACK_Order in 
1 0 acknowledgment of the origination message. In the; channel assignment message, 
/'a hew ENCODER^RATElTeTd WiBxi^^&'^i^^^to'smd the 
.designated coding rate. The ^mobile station then foxes -the coding-rate according to 
the received channel assignment message and searches the forward link channel 
using the given frequency band and orthogonal code. , . 



15 



TABLE 1 



20 



Field 


.. :.Le n gth I>its] 


MSG_TYPE ( "00000 1 00 ") 


; 8 _ • 


ACK^SEQ ; 


3 


MSG^SEQ 


' 3, ; 


ACK_REQ 


-J;-.. . l 


... ; VALID_ACK 


\ .;.'.::.';..i .. 
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ACK_TYPE 


3 


J / * 

MSID_TYPE 


3 


: 1 /. MSID^LEN : 




MSID 


8 x MSIDJLEN 


... : , AUTHJMODE 


. . _ . . . 2 . f<r ■ • _ . . - 


^ AUTHRv •• •• • ■ .« ^ 


■ i.--.: )• :..,v- - 6 or 18- ' • "" 


RANDC 


0 or 8 


,-;- v .,. - ;\ y ~. COUNT ^ /; . 




T t v: MOB_TERM ^ T 


- r ■ • ••- 


ir . . f \y; Oi ' . y: p : *v- > SJ V ry. l.j-xytzs 
SLOT_CYCLE_INDEX 


3 


. . . MOB^P^REY . t . . 


i nr.\v. . 8. . : . • 


SCM " 


j i ' *- * ' - r * . 

8 


REQUESTMODE 


3 


SPECIALJSERVICE 


1 ! 


SERVICE_OPTION 


• . , Q or 16 


PM 


-, 1 


DIGIT_MODE 


1 


NUMBER_TYPE 


0 or 3 


NUMBER_PLAN 


-. . 0 or 4 
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TABLE 2A • - - - 




006 or more occurrences of the following record: 



ACK^SEQ - - - - 


- 3 : : 


MSGJSEQ 


—-•••--^-.:- 3 


ACKREQ 








- : ADDRTYPE : ! 


Lb-; i 3 : 


ADDRLEN 


'- - • •• - ! 4 


ADDRESS 


8x ADDRLEN 


ASSIGN_MODE 


" ' -"3 


ADD^RECORDJLEN 


■ ■ ' ' :. " • 3 


Additional Record Fields 


8 x ADD RECORD LEN 


ENCODER_RATE 




RESERVED 


0-5 (as needed) 


TABLE 2B - ••• ' y .. , 


if ASSIGN_MODE="000", the additional record fields shall be- 


Field 


Length [bits] 
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FREQJNCL 


1 


CODEXHAN 


"'~ " " 8 


~ CDMA^FREQ 


~ OofTl " 


- FRAME_DFFSET 


: 4' 


ENCRYPT_MODE" " " 


" 2 " 


- ~ RESERVED - "~ 


" 0-7 (as "needed) 


TABLE 2C 


1 ;-a? i 1 


if ASSIGN_MODE="001 ", the additionaFfeepfdifldds shall be: 


- Field 


:r < Y F .Length [bits] 


RESPOND 




FREQJNCL 


da- .■: 1 


CDMA_FREQ ; 


.or ' * Oor 11 


One or more occurrences of the following field: 


PELQTPN: 


- -V ' 9 


_ RESERVED 


^ ' 0--7 (as needed) 


TABLE 2D " 




if ASSIGN_MODE="010", the additional record fields shall be: 


Field-.; 


. " Length [bits] 


RESPOND 


1 
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• - * 


ANALOG SV^ 


yr: — — - —.j. ■ . „ 




USE_ANALOG_SYS 


■ i 




RESERVED 






BANDCLASS : 


'■ /. ~i > .-5- 


S 


- TABLE-2E 





|i^ASSJGN|^lOD^^01-l- ^^e^dditional record fields shall-ber 




AN_CHAN_TYPE 


: ■ 2 


. DSCC_MSB 


- • ■ " , : : l 


RESERVED 





BAND CT.ASS 
TABLE 2F 



if ASSIGN_M0DE= 


" 1 00 the additional record fields shall be- 


Field 




" Length' [bits] 
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' •* Til' 1 
~ V 1 




J4 


DEFAULT CONFIG 


- ' " 3 


GRANTED_MODB 




CODE_CHAN 


8 


frame_offset 




ENCRYPTjtfODE 


. ..... 


TBAWTDtSS"" 


0 or 5 ! - 

mi n ' > 


' CDMAjFREQ j 


Oorll 


TABLE* 2G i/; ' J " r ' J 


if ASSIGN_MODE=" 1 01 ", the additional record fields shall be: 


Field 


! Length [bits] 


- RESPOND 




FREQJNCL ; 


" i 


.BAND_CLASS 


'i ; J • 0 or 5 


CDMAJFREQ 


il' , .1 . LO oIr 11 


One or more occurrences of the following field: 


PILOTJPN 


" 9 


RESERVED 


~ 0-7 (as needed) 



Rw.cnnr.irv -wn ckwuwiai t -v 
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Referring to FIG. 6, during an active state Where a call is connected 
between the base station and the mobile -station, the base station examines the 
channel environment with the mobile station by estimating; for example, the 
RSSI. In step 61 1, the base station estimates the RSSI, selects a coding rate 
5 lower than the present coding rate when the RSSI is lower than' a threshold value 
R_lowjh,and selects" a coding r^hi^r i^^s^^^^ ^ 
RSSI is higher mari'a threshold Valu^ - ■ \ . r 

^ - ^ the active stati, smce ^ exchange 
messages through the traffic channels; anewifieid for the encoder rate and the 
10 ormogonaHbde isadde*^ shown mm e fallowing Table 

* enbW ' fidd ° fme ^^ 

encoder rate, the next 8 bits are assigned for me orthogonal code, ^nd the last 6 
■ bits are reserved bits: Although a RECORD _LEtt value of ^ service request 
15 message shown iirtiie- J&Ub^-T^^M m Ite caorfipB-IS^Stt --SttbHtatt it 
is 14 m the present embodiment since two octets are added, this is changed in * 
the same manner even in a service response message shown' in Table 5 and a 
service connect message shown in Table 6. The contents of the service : 
configuration are input to the type-specific fields of the messages (i.e the 
2 0 service request message, the service response message and the service^connect 
message). - - - 

By way of example, Table 3 represents the service configuration for the 
case where the two coding rates of 1/3 and 1/6 are used. In this example if the 
. mobile station includes at leas, two encoders having different coding rates and 
25 the orthogonal code length is changed according to the coding rates, the lengths 
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of the ENCODER JIATE field and the CODE_CHAN field of Table 3 are also 
changed to accommodate. all the cases, and the RECORD_LEN values of /Tables 
4, 5 and 6 are also adjusted. , : ;v * - t . ,v - , - 

After the service configuration-is corrected, {he base station sends the 
5. . service request jnessage and selects, the. new coding rate and orthogonal, code to 
change the coding rate, in step 613 in response to, the service request message, 
the mobile station then outputs the service response message through the reverse 
f traffic channel,, in step^615. Jiere, if 4he mobile, stetion^ does not re to the 
service request .message, the jbase;,statiop repeats step 61 3, by continually re- : 
10. sendjjig tlie. serviqe jeqiiest n^essage,^^^ mobile 
. . statipn sends tte^ In . 

step 617, if th£ sendee configuration of 
the base station, the base station sends the service connect message and^sets a u 
rate change action time of the ACTION^TIME field, or implements the service & 
15 comment message by default a predetermined time after receiving ,the message. ^ 
In step 619; the paobile station sends a service. connect completion message . 
through the reverse link to acknowledge the service connect message. In step 
621, the mobile station, and. the. base station both change the rate at the setaction 
time. ...... ; r :-. < . r.; , 

20 TABLE 3 ...... 



Type-Specific Field 


Length [bits] 


FOR_MUX_OPtION 


16 


REV_MUX_OPTION . . 





BNSDOCID: <WO 9945660A1_I_> 



WO 99/45660 



'PfcT/KR99/00094 



- 32 - 



10 



15 



FORRATES 
REVRATES 
NUM_CON_REC 



8 

-8 
8 



™M^ c 9K^occxmmcesofihe frying record: ' 



RECORD_LEN 
CGN^REF 
SERVICE_OPTION 
FbR^fR^FIc' 



REV TRAFFIC ; 



ENCODER RATE 




8 

' 8 : 
16 
4 



TABLE 4 




ACK_SEQ - 



MSG_SEQ 



ACK_REQ 
ENCRYPTION 
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SERV_REQ_SEQ 


••. 3 


REQ_PURPOSE 




Zero or one occurrence of the following record: 


RECORD /TYPE. . , . , ; , 




RECORD LEN ; 

~ i 


.!(•;. 8 


Type-specific fields 


^&,x REGORD_LEN 


• TABLE 5- -■• ; -' 




JFidd— _i 


y ■' -i f ?, > ; ~ •; 
Length-fbits] ; 


MSG. XYPE^QDaL0011^>-- ... 




_ „ -ACIC^SEQ. J. 


7.7.-" , ,' 1 " T < ; 


..MSG SEQ 


- - - _ 3 _•- . - - 


, . _ ACK_REQ 




ENCRYPTION 


2 . 


. SERV t _REQ_SEQ 


3 


RESP_PURPOSE 


. . , ,. -. 4 - • 


Zero or one occurrence of the following record: 


RECORD_TYPE 


< ;> > . 8 


RECORDLEN . 


/_•: . •• . 8 . 


Type-specific fields ! 


. 8 X'RECORD_LEN 
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TABLE 6 



10 



Field 


Length [bits] 


MSG TYPE COOOIOIOO'^ 




1 ACK_SEQ 




. MSG SEQ 


,-r- - - 3 


ACK REO 


1 


1" '" "' ENCRYPTION^ ' ' ~ ! r; ~ °' 




. . USE TIME 




f - \i - AGTION£_TlME. : : • :;J .; 


r:^C; Lvi -. v. :0 | 


serV_c6n1seq ;?;,: n - s "''- 




[ . , .reserved. . . ... 





One occurrence of the following record: 



1 record_type 


8 J 




RECORDLEN 


8 


15 : 


Type-specific fields 


8 x RECORDJLEN | 



TABLE 7 



Field 


Length [bits] 


MSGJTYPE ("00010100") 


• - ; " ; ' 8 • 


ackJseq * "" 


3 " '' ' 
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-2. -.- : 




" ^ 1 


ENCRYPTION 




SfeRV_REQ_SEQ..: ..... 




; RESERVED . ^ 


'i..;..;.!: .;_3 _ _; 



It is possible to change the? coding rate of the voice service and the packet 
: data service differently. Thatis,~dmi^ coding rate of 
L the sup^emental ^channel for the p^ through a 
, dedicated control channel (DCCH). In additigA/iAthj^Cthe'piessage is received 
lb through the traffic channel, not through the DCCH, the coding rate can be 
' - processed in the same manner- requkedby the^undamental channel/ For v ^ 
example, when 2 bits are used for the coding rite (providmg four available < 
cases), the two cases are used in changing the coding rate for the fundamental ^ 
channel and other two cases are used in changing the coding rate for the 
15 supplemental channel. ....... . . .~ — 

As, used in the examples above, 256 orthpgonal codes of length 256 bits 
* are used for the 1/3 coding fafe and 128 orthogonal codes oflength 128 bits are 
used for the 1/6 coding rate. Here, since the orthogonal codes of length 256 are 
■ created by applyirfg the Hadam^ 
2 0 128, pne orthogonal code oflength 128 does not satisfy orthogonality with two 
orthogonal codes of length 256, losing the' orthogonality between the channels. 
Therefore, assignment of one orthogonal code of length 128 decreases the 
available number of orthogonal codes of length 256 by two. Alternately, 
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assignment of one ^ orthogonal dode of length 256 makes one orthogonal code of 
length 128 unusable. The base station continuously monitors the assigned 
orthogonal codes of length 128 and'256 to assign the new orthogonal codes 
to avoid the non.orthogonaliry-wim the previously assigned orthbgoW codes 



so as 



5 - .-. In this maimer, the present- embodiment mamtains a good channel 
condition by changing the coding rate arid me orthogonal code according to the 
channel environment. Here, the transmission power is considered to maintain a 
1 better tolerance, for me ch^el^ th e ormogona j code is so 

assigned to-avb^ among the forward link channels. 

l OS This is, it is- desirable to have lower ^nsmissioi power fbr me -same charinel 
-perfbrmaiide ; : Accbro^giyv . 
according to the channel ehWbrmieht,«h g into ^onsider&ibn me transmission 
power/Further, if the orthogonal code' is ^changed wWleme^bding rate is 
changed by the base station or the mobile station in the same cell, it is 
15 determined whether there is an orthogonal code causing the non-orthogonality 
between the different orthogonal code sets' In this way^ it is possible to solve the 

^ interference and nbn-orthogonaUty problems of the CDMA communication 

■ system. • ' : :v '-r . ^ / : .- . v ■ 

FIGs. 7A and 7B are flowcharts fflustratihg a rate change operation 
2 o: performed in the decision block 213 of the base station. More specificaUy, FIG. 
: 7A Ulusto tes a rate change operation performed in the base station upon f 
reception of the rate change request message from a particular mbbile station, 
- and FIG. 7B illustrates ; the procedure where the base station analyzes the channel 
environment of the mobile station to determine whether to change the rate when 
2 5 the mobile station does not generate the rate change request message. It should 
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be noted that the base station can perform the procedures of FIGs. 7A and 7B in 
parallel. : r; - , ^ / > / *' . 7 

; ^ FIG. & illustrates the procedure jvyhere the mobile station performs the rate 
change operation with the base station, for the situation where the mobile 
5 recei ves a r&tt change request message- from the base station or when a rate 
change condition occurs as ihe chiannel; environment is changed. -,. 

v y } FIG. 9 is a flowchartiU^ 
- code corresponding to a change in .the coding rate.; That is, : when .assigniAg a 



The present embodiment assumes ^hat : cqding rate and the length of the 
15 corresponding orthogonal codes are simultaneously changed in accordance with 
the channel environment. However, it is also possible to independently change 
the coding rate and the length of the orthogonal code. Furthermore, the present 



increased (e.g., from 1/6 to 1/3), and assigns the shorter orthogonal- code when . 
2 o the coding rate is decreased (e.g., from 1/3^ to, 1/6), thereby maintaining the same 
chip rate irrespective of the change in the rate. However, it is also possible to 
change the coding rate, and the orthogonal code without maintaining the same 
; chip rate during the channel communication between the base station and the 
mobile station. . . 





orthogonal codes to the mobile station [according to an embodiment of the 



embodiment assigns the. longer -orthogonal code whenthe .coding rate is 
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In the followingdeseription, the procedure -for assignixig-the orthogonal 
• code will be.described with reference to FIG. 0, and then the rate change 

procedure between the base-station and the ^mobUe- station will be' described with 
' reference to FIGs. 7A;.7B-and 8;.- - - . 

5 Refeiring t0 FIG - 9 > w hen a mobile station requests assignment of 

the orthogonal code of length s (where- N^2 K ) according- to a change in the 
. channel assignment or the coding. rate, a rate controller(nof shown) searches for 
me available 6rmogonal;codes% 

assigned sudi . mat me avaUable; orthogonal, codes are;maximk e d. To this end, in 
10 step 913, ihe rate icontrolkr searches an orthogonal, code- tahle to determine. : 
r whemer mere: are uriused'drmogon^ 
■■: codes.of length N.are used ^i,^ assigned^ the channel), the- procedure goes to 
- step .929-.to indicate unavailability ofmeror^iogonal ^des and men terminates. 

- .. However, when there are available orthogonal codes of length N, the 
15, available orthogonal codes are written.in a search list W(k), in step 915. The 
search list W(k) stores information about me unused ormogonal codes in the 
form of w(k,i) as follows: 



W(k) = 



w(k f h) 
w(k,h) 



where 0*1,<1 2 < 3 ....N-1 
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where k is aninteger representing the length of the Walsh codes and i is a Walsh 
code number, jvh^re i=?0, t, 2, N- l. Accordingly, if it is assumed that 1 1th, 
12th, 15th, 21th and 3 0th orthogonaLcodes among the orthogonal codes of length 
2 k are not in use, the search list W(k) consistsof the orthogonal codes w(k, 1 1), 
5 w(k,12), w(k,15), w(k,21)andw(k,30). 

. After thats instep 917^aiearch procedure, l is performed on 
^ list to search thoserorthogonal codes whteh are nomorthogonal with orthogonal 
. - codes in use whose length -is longer ^an ^aind tdvextract those, orthogonal 
a . r codes frcmihe search* list W(k);~That r ^ • 

10. orth.ogQnal cbjdes;not satisfying. die;«rfebgonalit^ with the orthogonal codes 
r > ; presently iij tise ^dng)the orthogondl^odesLdf length jlongenthan 2 k are deleted 
./.frpin^rsiaiQh list W(T0- ;Statec$OT^ 

not prthogdnal with the orthogonal codes w0^i) ( w ^ ere j^U i=0, 1, 2,.-.%., 2 k+ >- 
1), are deleted from the search list W(k). Variable j is incremented by one to 
15:; increase the length of the orthogonal eodeiiiThe search and extraction procedure 
is repeated for all the brthogonal codes of length 2 K+J with* all the orthogonal 
; codes in the .list W(k). The search procedure 1 performed in step 917 is defined 



as: 



SEARCH PROCEDURE 1 



20 1. setj - 1 

2. while k+j £ maximum 
do{ 

2. 1 find Walsh code(s) w(k,i) in the list W(k), which is (are) not 
orthogonal with w(k+j 5 i) in use can be equal to a subset of 

25 {i-0,1,2, ...,2 k+ M} , . 
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2.2 extract the Walsh codes w(k+i) which satisfy 2, 1 from search 
Walsh code list W(k) 

2.3 set j - j+1 .. ; . A 

} 

5 ■'- AfterpeKoiming the search procedure 1, it is determined in step 919 
whether there are any remaining orthogonal codes in the 'search list W(k) {i.e. is 
w(k,i)>0). When the search list W(k) is empty, does not have any orthogonal - 
code, an indication of that state is provided in step 929. 

However, when the search list W(k) is not empty, the process continues to 
0 step 921. At step 921, a search is made for the orthogonal codes w(kj) in the list 
W(k) to determine whether an orthogonal code w(k, (J+N)/2 mod N is presently 
in use or not. If such orthogonal codes exist in the search list W(k), the 
corresponding orthogonal codes are assigned as available orthogonal codes in 
step 927. 



However, when the search list W(k) does nothave the corresponding 
orthogonal codes, a second search procedure 2 is performed in step 923 to delete 
the orthogonal codes not satisfying the orthogonality with the orthogonal codes 
presently in use among the orthogonal codes of length shorter than 2\ Stated 
more precisely, among the presently used orthogonal codes w(k-j,i) (where j, 1, 
1-0, h 2 2k " M) ' th0Se orth °gonal codes not satisfying the orthogonality with 
the orthogonal codes stored in the search list W(k) are deleted from the search 
list W(k). As j is incrementally decreased to decrease the length of the 
orthogonal code, the search and extraction procedure is repeated for all the 
orthogonal codes. The search procedure 2 performed in step 923 is defined as: 
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• SEARCH PROCEDURE 2 , .{ r .-. 

1. setj- 1 •' • ■./ 

2. while k-j £ 1 
do{ 

5 2. 1 find Walsh code(s) w(k,i) in the list W(k), which is (are) not 

' . -,- r.c. • - 9^°gpn^with w(k--j,i)in use-can be equal : tQ : a subset of. 

- .{i=0,l,2, ; ,,.2^>. -, : , ,„., ... ir: ,-: t ^v--- 
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' ; 2.2 extract the Walsh codes w(k+i) which satisfy 2. 1 from search 
Walsh code list W(k). 
2.3setj-j+l 

• P • - ... • ; . ■ . 

5 After perforrning the search procedure 2, it is determihed in step 925 

whether there are any remaining orthogonal codes in the search list W(k) (i e is 
w(k,i)>0). When the search list W(k) is empty an indication* provided in step 
929. However, when the list is not empty those remaining orthogonal codes in 

" r:theJist;W(^^ 

10 The operation of assigning orthogonal codes will be summarized as 

- - follows. : r -\~ C v/ f : , :> \ ' f . * 

orthogonal codes w(k,i) of length N are written in the search list W(k) in step 
915. Here, i is an orthogonal code number Wno which is a Hadamard matrix 
15 element number. ^ ^ 

As an example of the embodiment of a system having orthogonality of 
' " len ^ N=2K ' k=4 ' 5 ' 6 ' * is ass ^d that the orthogonal code to be provided is 
of length N=2 K , k is 5, and mere are three orthogonal code lengths of k=4, k=5 
.andk=6. In addition, it is assumed that the ormogonal codes w(k,i) written m 
2G thelsearch listW(k) are w(5,10), w(5,ll), w(5,12), w(5,26), w(5,27) and w(5 28) 
•v. vofi-10. 11, IV-OOf^^Oi^^y.^^ 

2 " 28 ' Fmtherm0re ' for ^Plicity, such apair of orthogonal codes w(5,10) and 
w(5,26), a pair of orthogonal codes w(5, 1 1) and w(5,27) and a pair of orthogonal 
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cpdes w(5, 12) : and w(5,28) .are respectively referred to as half complement 
orthogonal codes with respect each other. 4 - 

The orthogonal codes presently not in use or the orthogonal codes of 
interest are represented as follows: Here, the orthogonal codes w(6,28) and 
5 -w(4,l.l) are,in use.; * ; . - ,v ;' r .. . x ? . ,v V *, 

t. That is 5; if wejet i:St --i :r; v • *z : ;: * ] y ; : : 'r '■ v . i" ' 

- w(4, 1 0)FrB, : w(4* 1> 1 and^(4vl2)ffA - then we can represent as follows 
from the Hadamard transformation. 

■ : ; :, v ^t-; 1 : merino giiar?:^.:;-: 1) ■: ~- . - - 

w(5,10)=BB, w(5,l 1)=CC, w(5,12)=DD, w(5,26>=BB , w(5,27)=CC , 
1 0 w(5,28)= DD , w(6, 1 1)=CCCC, w(6,26)= BBBB , w(6,27)= CCCC , 

w(6,28)tDPDD, w(6,43HQG^ 
: r ; andw(6 5 60)r=DDDD. ; , : . ,:..v., , .. . 

The barred codes represent complementary codes. . - • i \- c . 

Combinations- of the orthogonal codes are shown in the following Table 8, 
15 in which it is assumed that the orthogonal codes w(6,28X w(5, 1.0), w(5, 12) and 
w(4, 1 1) are in use. In Jable the northogonal codes of length k=5 have a 
relationship- (half complement orthogonal code to each.otfcei:) to the search list 
W(k=5). Table 8 -shows the orthogonal codes, when the orthogonal. code w(6,28) 
is in use and the orthogonal code w(4, 11) is not in Use. Further, the underlined 
2 0 orthogonal codes in Table 8 are the orthogonal codes in the search listWQc). 
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TABLE 8 



k=4 


k=5 








w(6,ll)=CCCC 




.w(5,10)=BB_ 


w(6,26)=BBBB 


w(4,10)=B 


w(5,ll)=CC 


w(6,27)=CCCC 


w(4,l 1)=C 


w(5,12)=pD 


w(6 f 28)=DDE>D 


w(4,12)=D. 


w(5,26)=BB . 

-.; v~. -'..v,c» : 


w(6,43)=CCCC 




w(5,27)=CC , 

...» „*. T ^ Qo V 


w(6,58)=BBBB 




w(5,28)=.pD 


w(6,59)=CCOC 


' •• •' 




\v(6,60)=PDDD 









..Refemng.. coH^ve^to^able r 8;a^d FJG. ,9, /iastepSl?,,. search 
procedure 1, a search is, conducted I pf.seareh kst W0C} of orthogonal codes 
w(5,l 1), w(5,26), w(5,27) and w(5,28) to detennine which codes in the list are 
not orthogonal with those orthogonal codes of length 2 k+1 presently in use. The 
1° codes J 11 ^.lisjf which do.not satisfy the orthogonality test with codes of length 
2l= +I are deleted from the search lisjt W(k). As a result, in accordance wito the 
search procedure 1, orthogonal code w(5,28) does not satisfy the criteria in that 
it is not orthogonal with orthogonal code w(6,28), ; presently in use. Therefore, 
'',. c P* e w(5,28) is,deleted i from the searctolist W(k>.. 



15 . Thus, after the search procedure 1 is performed, the search list contains 

W(k)=.{w(5, 1 1), w(5,26), w5,27)}. Since the search list is not empty, W(k) = 3, 
, . me condition of step 919 (the number of W(k) > 0) is satisfied. Further, since the 
r: ; half complement oijhpgonalxode of orthogonal codes w(5,26) and 
; w(5,(26+16)mod 32)=w(5 ? 10) are already in use, the condition of step 921 is 
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also satisfied. Accordingly, the orthogonal code w(5,26) is assigned as an 
available orthogonal code. * 



If the orthogonal code w(5,10) is not in use then the elements of the 
search list W(k) after performing the search procedure 1 are w(5, 1 0), !w(5, 11), 
5 w(5,26) and w(5,27), therefore the search list W(k) has no orthogonal code 
satisfying step 92 ll Then,' 'the search procedure 2 is performed in step 923. In the 
search procedure 2, for those orthogonal codes of length; 2 k ' 1 (i.e., k-l=4) in the 
search list W(k), those which are hot orthogonal with the orthogonal codes 
presently in use are deletedfrom the search list W(k). Since the orthogonal code 
1 0 w(4, 1 1)=C is in usfejth^o^ U=CC tiidwS5 9 27)=£C are 

deleted from the search list W(k). As a result, the orthogonal codes stored in the 
seaircH'listW^WW^ satisfies the condition 

of step 925 . Thus, in step 027; the orthogonal bodes w(5, 1 0) and ^(5 ,26)^6 
assigned as the available 1 orthogonal coSes. ~ v ^ 

15 ' Assignment of the orthogonal codes is performed by the decision Slock 
2 1 3 of FIG. 2. In assigning new orthogonal codes of length N, the decision 
block 213 first determines whether there are available orthogonal codes among 
the brthogoiial cddcSs of length N-to-be used. When there are available orthogonal 
codes of length N, the decision block 213 examines the available orthogonal 

2 0 codes to determine whether there are orthogonal codes not satisfying 

orthogonality with the orthogonal codes for the forward channel assigned to the 
other existing forward links and avoids assigning those corresponding correlated 
codes, if any . When there are available orthogonal 1 codes available according to 
the procedure of FIGr 9, the corresponding orthogonal code length and number 

25 information is output to assign the orthogonal codes. Accordingly, in a CDMA 
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■: communication systeih, when channel data is transmitted at a variable data rate, 
the base station can effectively assign orthogonal codes to. the mobile station 
such that thelorthogonal codes assigned to the different mobile stations and 
channels still maintain orthogonality with new orthogonal codes. Therefore, the 

5 communication system supporting the variable data rate can efficiently use the 
orthogonal code resources and quickly assign the orthogonal codes. 

- ■ - • The term "rate" used m Connection with FIGs. 7A, 7B and 8 refers to the 
• -radiag.ratednd/or^^^ A ''firstrate- change 

- " -condition means a'condition for switching from me higher rate td^the lower 

10 rate, and a ^secohd rate chattge 1 c6nditiari''.- n ieja©-a condition for svvitching from 
the lower rate to the higher rate. For example, the first rate change condition for 

- M&V ratetotoe lower^m^ihat&e'^iel environment is 

bhanged ^ for example, a state where the 1/3 coding rate and the orthogonal 
code of length 256 are used to a state where "the 1/6 coding rate and the 
' 15 ; ortho 8° n ^ ,'°de of length 128 ; . are used, Likewise, the second rate change 
- edition fofchan^^ means & at me chaiinel 

^environment is changed from, for example, a state where the 1/6 coding rate and 
the orthogonal code of length 128 are used to a state, where, the 1/3 coding rate 
arid the ortiiogonal code of length T256 are used. In the present embodiment, 
2 d - when the higher coding rate is used^e longer orthogonal code is ^ 

- ™ hen to* lower codm S rate is use<L the shorter orthogonal code is assigned, to 

maintain a constant data rate. 

Referring^ FIGs. 7A and 7B, the decision .block-2 13 of the base station 
analyzes the received signal in step 71 1, to determine whether the rate change 
2 5- request message is received from a mobile station. When the rate change request 
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■ Tpessage is received from the mobile station in step 711, the decision block 213 
v of the base station 4etermines in jstep 713 whether the received rate change 
request message represents a change-to the higher rate or to the lowerrate. 

; , ; \ ; If the received rate change* request message represents a change to the 
5 lower rate, ig step .7.1 3, the ideeisiQn block /213 of the base station examines, in 
step 715 whether the first rate change condition is satisfied. Here, the first rate 
>: change condition where the, base .statiop decreases the coding rate, represents the 
conditions, shown in the following jTi^k:!^ In & that 
• . the first rate phafi^condit^n satisfiedrin £he ease where, atleast three, or two, 
l-Oj conditions ipcl^ding pondifi^n t and .opnditiotf satisfied : : 




Condition" 


yr: ^ ' *" < ! '-"'Decision : ' : ' - : - "V* 1 


1 


(Tx power to the MS) £ 

(totai available at BS for all forwrad link in the same FA) - (jiower margin) 




nuniberof MSs in service in the same FA 


•' ! 2" ; ' 


(average reverse link received signal strength (i:e., RSSI) for a 
particular duration) k Th^ - : - 1 


3 


(average reverse link SNR for a particular duration) ^ Th^- 


.4 


any available orthogonal code?;; :; 



In Table 9, condition 1 is satisfied when the transmission power to the 
mobile station is higher than or equal to a value obtained by dividing a value: 



(totaravailable power at the base station for all forward link in the same FA) - (a power margin) " 
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- by the number of mobile stationsih service in the same area. The' second 

condition (2) is satisfied when, an average Wrse Jink received signal strength 
(i.e., RSSI or Ec/Io 6f the forward -pilot channel), is^ used in the above case for a 
particular durations* lower than or:equa to a value obtamed by subtracting a 
5 -standard deviation of the RSSfb^ from -a threshold RSSI; Th^. Condition 3 is 

^ - than or. equal to lvalue bbtamed by subtracting ar-Standard deviation of the SNlC 
: ^ from ^eshold SW'^e^ditiott 4 ^satisfied when mere, are available 
5 * orthogonal-Codes' among^me:'orthogonai?codes-- of the requested length. Here, the 
- 10. orthogonal codes are. searched for andJextracted based on i-tt* procedure of FIG. 
9. Tharis, wta ^ resulrdf me^earch7even mou^ere may exist available 
' orth6gonaI codes, theyare considered as^unavail^ orthogonal codes -when 
• they do not satisfy ormogbnality with the bther orthogonal codes in use. That is, 
the orthogonal codes satisfying condition 4 should have a length corresponding 
15 to the requested coding rate and have orthogonality with the forward channel for 
the other mobile stations. 

J >■ To satisfy the first rate change condition, conditions 1 and 4 in Table 9 
' : should be satisfied.. Accordingly, when conditions 1 and 4 are satisfied, the 
■ ■ present rate can be changed to the lower rate. However, when conditions 2 and 3 
2 0/. are satisfied while conditions 1 and 4 are unsatisfied, the rate change is not 
processed when at least 3 conditions ; are used for decision criteria. That is, only 
when conditions l and 4 are both satisfied, can the present rate be changed to the 
lower rate. Here, it is assumed, that even when one or both of the conditions 2 
: and 4 are satisfied while the conditions 1- and 4 are both satisfied, the first rate 
2 5 : change condition is satisfied. .. 
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Accordingly, when the first rate change condition is satisfied in step 715, 
the base st^tdoit sends. to the mobile station "information about the requested 
coding rate an<tthe assigned orthpgoijal code together with the.response 
; message, in ; step 717. For example, when the 1/3 coding rate is presently used, it 
5 can be changed to the 1/6 coding fate, and^when the 1/2-opding rate is presently 

used, it can be change; to 174 coding rate. In this case, the shorter orthogonal . 
. , codes are assigned which have thero^pgonaUty with the orthogonal codes used 
v for the other foryvard link channels* -The; decision ;bJock 213 includes a table for 
storing the orthogonal codes previously ^ 
. 1 0 : assigis the ortoogonal the. orthogonal codes 

haying orAogon^ty with ^^r (f)rfe)go?aJ G@des;basgdon the procedure of FIG. 
After sendi^gr&erQh^ the 
: decision block 213 of the^ Csel and 

•the qrthogqpal code ni^ber and le^igfe signals Wno and Wlength fpr changing 
15 the present rate to the requested lower; rate in step 719, thereby to change the 
. coding rate and the orthogonal code of theohaimel encoder in the base station. 

Then, as illustrated in FIG. 3, in the base station, the selector 301 outputs 
- the input dat^ to^the second encoder 3 12 -and the selector 393 outputs the 
deqimated Jong code, from the decimator 3,92~to thesecond mixer, 342, according 

2 o to the cpding select sigaal Csel^ puglher,; the second orthogonal modulator 362 
multiplies the symbol ^ data^utput ^om the second encoder 352 by the newly 
assigned orthogonal code. Therefore, the rat? of the orthogonal spread signal 
applied to the spreader 370 i^ chapged tQ;thp lo^er-rate. In addition, the decision 
block 213 of the mobile station also outputs the received Csel, Wno and 

25 Wlength. Thus, as 'illustrated in FIG: 4, the selector 420 applies the received 
signal output from the despreader 410 to the second orthogonal, demodulator 
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432, which multiplies the despread signal by the newly assigned orthogonal 
code. Furinermore, the selector 493 6utputs the- decimated long code from the 
decimator -492 to the second mixer 452 according to the cdding^select signal 
Csel, thereby oiriputting the data decoded in the second decoder 482 as the 
5 received data: ^ • :• . . . - tj ■: i; y : . . ,-: ~- . - 



• However, when the rate change request message represents the change to 

the higher rate in step 713, the decision block 213 of me base station determines 

in step 721 whether the second rate change condition is satisfied. Here, the 

second rate ch^exbnditioh^where^e base station mcreases the rate, represents 
10 tnecoh^^^^ 

assumed that mVsecomli^ ^ 

least two, or one, conditions can be^set mcmo^cohdltioVi in Table 10 are 

•'satisfied."'"--' : ' ■ >'■: ; . ■ , . ..• . . 



15 



TABLE 10 
Condition 



Decision 



1 



(Tx power to the MS) <; (average Tx power to all MSs) - a 



(average reverse link received signal strength (i.e., RSSI) for 
particular duration) ^ Th^ + 0,1= £ 



(average reverse link SNR for a particular duration) z Th+ 0 



' f . .. ; In Table 10, condition, 1 is satisfied when transmission power to the 
20 mobile station is lower than or equal tp a value obtained by subtracting a 
standard deviation, ofthe average transmission power for the respective 
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forvyard traffic channels- from an average fransmission power to all mobile 
stations. Condition 2 is satisfied when an average reverse link received signal 
strength (i. e., RSSI or Ec/Io of the forward pilot channel) for a particular 
duration is higher than ^or equal to a value obtained by adding the standard 
5 deviation of the RSSI, to the threshold RSSI, Th^. Condition 3 is satisfied 

when an average reverse link SNR for a particular duration is higher than or 
~ . equal tp a value obtained by ^dding the .standard deviation of the SNR, to 
, the. threshold SNR, Th^. : : ... ; ; , + »r- _ , t . ; , 

,.. - : : ; , Josatisfy:^ in Table ID 

10 should.be satisfied. Accordmgly,^ ^ 
^cpding rate, cm be changed 

.orthogonal code can -also, he. changed.after the searching process as described in 
the algorithm of FIG. 9. However, when conditions 2 and 3 are satisfied while 
condition 1 is unsatisfied, the coding rate and the orthogonal code are not 
15 changed. That is, only when condition 1 is satisfied can the present rate can be v 
changed to the higher rate. Here, it is assumed that even when one or both of the 
- — conditions 2 and 3~are satisfied while-condition 1 is satisfied, the second rate 
change condition is satisfied. 1 v k i 

Accordingly, when the second rate change condition is satisfied in step 
2 0 721, the base station sends to the "mobile station the information about the 1 
requested coding rate and the assigned orthogonal code together with the 1 
response message, in step 717. For example, when the present coding rate is 1/6, 
the FEC rate caii be changed to the 1/3 , and when the present coding rate 1/4, it 
can be change to 1/2. In this case, as the coding rate is increased, the longer 
2 5 orthogonal codes can be assigned which have the orthogonality with the 
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orthogonal codes used for the other forward link channels. After sending the 
changed coding rate and orthogonal code, the decision block 213 of the base 
station, outputs the.coding select signal Csel and the orthogonal code number and 
length signals Wno and Wlength for changing the preseiit rate to^the requested 
5 higher rate in step 719, thereby to change the coding fate and the orthogonal 
code of uiechafmel encoder in the base station; •* . : \ ■■ 

- < Then,vas-iHu^dmMG,.aMe selector 301 outputs die input data to 1 
■ the first encoder 3 1 1 and the selectof 393^outpiits the' decimated long-code from 
the tefanttrotftf Ae flWflfiHr&u: acgordm^ib die coding select signal - 
Csel. FiMher, me-first ottho^ die symbol data 

output from the first encoder 351 by the newly assigned orthogonal code. 
Therefore, the rate of me'orlhogonal Spread signal applied io the spreader 370 is 
changed to the higher rate : In addition, the decision block 213 of the mobile 
station also outputs me received Csel/Wnb 

FIG. 4, the selector 420 applies the received signal output from the despreader 
410 to the first orthogonal demodulator 43 1, which multiplies the despread 
signal by the newly assigned orthogonal code; Furthermore, the selector 493 
outputs the decimated long code from the decimatof 492^6 the first miker 451 
according to the coding select signal Csel, so that the data decoded in the first 
decoder 481 is applied to the receiver as the received data. " 

However, when the rate change request message from the mobile station 
does not satisfy both the first or- second rate change conditions, the decision 
block 213 of the base station perceives this in step 715 or 721, and sends to the 
mobile station a response message indicating that a change of coding rate and the 
corresponding orthogonal code is not possible, in step 723. 
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: s When the rate change request jnessage is not received .from the mobile 
station ki step ,71 1, the procedure of FIG. 7B is performed to determine whether 
or not to change the rate. Also, even when the rate change request message is 
received from aparticular -mobile station, the base station can perf^ 
5 procedures of EIGsy 74^4 7 P ^ parallel to determine whether or not to change 
the rates of the other mobile ; station§^hich have, not requested the : rate change. 
In FIG. 7B, the decision block 213 of the base station detects the power 
consumption pf the forward traffic^annel for -the mobile stations, and changes 
r the rates according to the .detection: .^^^the.4eci$ion block 213 selects the 
10 . lower rate for; the mobile sfetipn^^ tfee high, ppw^r, and can select 

the higher rats for the mobile; s^tipiw^k jC(^s^e^the^],pw : p^^r. , : ; 

.. : ; L:";r;'"-.ft;o ^ :r,v n: A 7 on vd itZ'i^iy: sal .rou * 

• : r . vFirs.^ dwmptioi^j^ bz&ypn^tQ the rate Change oper^tipn of the 
, mobile station wl^ich consumes the high^ ppweij. The- decision blpck 213 of the 
base statipn, searches for ; the fprward liijk and &e.mobUe;§tfttion^hich consume 

15 1, the highest ppw?ei; among^the^nyard links using the higher rate encodei, in step, 
75 1 . The decision block 213, deternyiies in £tep 753 whether the searched mobile 
station can change the rate prnot byxonsulting the mtemaLsearch lisj. When the 
searched mobile, station can change the r^te, the decision block 213 checks in 
, step 755 whether the first rate^change condition is satisfied or not Here, it is 

2 o assumed that the first rate^change cpmhtion represents the case where at least 
three conditions including the conditions 1 and 4 in Table 9 are satisfied. When 
the first rate change conditioiiis unsatisfied the decision block 213 returns to 
step 7 1 1 to repeat the procedure of FIG, ; 7B. However, when the first rate change 
condition is satisfied in step 755 5 ; the decision block 2 13, of the base station sends 

25 to the mobile station ?a request message for selecting, the lower rate and performs 
a procedure for decreasing the coding rate of the forward channel, in step 757, 
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Next; a description will be given as to the rate change operation of the 
mobile station which consumes the low power. The decision block 213 of the 
base station searches for the Ward link and the mobile station which consume 
the lowest power among the forward links using the lower rate encoder, in step 
5 759. The decision block 213 "determines in step let whether the searched mobile 
station can change the ratebr not by consulting the internal search list. When the 
searched mobile station ca*ctiange the rate, the decision block 213 checks in 
step 763 whether 'the second rate change condition^ satisfied m not. Here, it is 
, assumed that the first rate change condition represent case where at least 
10 two conditions including the condition 1 in Table lCKate satisfied- When the 
second rate change condition is unsatisfied, the decision block 213 returns to 
step 71 1 to repeat the procedure of FIG. 7B. However, when the second rate 
change condition is satisfied in step 763, the decision block 213 of the base 
station sends to the mobile station a request message for selecting the higher rate 
15 and performs a procedure for increasing the coding rate of the forward channel, 
in step 765. 

However, when the mobile station having the highest power consumption 
or the lowest power consumption can not change the rate during the call, such as 
the conventional IS-95 mobile station, the decision block 213 of the base station 
20 perceives this in step 753 or 761, and goes to step 767 to delete from the search 
list the mobile station which cannot change the rate. After deletion, the decision 
block 213 returns to step 71 1 to repeat the procedure of FIG. 7B. 

Referring to FIG. 8, in step 81 1, the decision block 213 of the mobile 
station analyzes the received signal to determine whether the rate change request 
25 message is received from the base station. When the rate change request message 
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is received from the base station in step .811, the decision block 213 of the 
mobile station checks, in step 8 13 whether the received rate change request 
message represents the change to the higher rate or to the lower rate. 

When the receiyedrate change request message represents 4he change to 
5 . the lower rate in step 813, fre decision block 213, of the mobile station ; 
detenjiines in step 815 : whether= a.first s rate, change condition is satisfied or not. 
Here, the first-rate change co^dition : whererthe mobile station .selects the lower 
rate, represents a case in which at least two* of the conditions in the foUowing 
Table ! l are satisfied. ^ . ; r v r ^ r-^ - \\ :,v .• rL.; :: ; : 
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TABLE 11 
Condition 



1 



Decision 



(average Tx power for a particular duration) k Th pwr + 0pwr 



(average forward link received signal strength (i.e., RSSI 
-j forward pilot EG/l6) ; :for * particular- duration) ^ Th- 



or 



(average forward fraffic ^ channel SNR for a particular durati^ 



.ijL-t *,, _ 'J 



In Table 1 1, condition l is satisfied when .an ^^r^stumsrmssion 
power for a particular duration is higher than or equal to a^ue obtained by 
adding a standard deviation o pwr to a threshold power Th^. Condition 2 is 
satisfied when an Average rece^ forward lirJcl^ 
10 ...also be used) for a particular deration is. lpwer lhan or equal to lvalue obtained 

;:, ^ . SUbfr ^ g ^Y^^ ^from ^threshold RSSI Th^. A condition 

,. 3 is satisfied when an average received forward lnik ^for a particular 

duration is lower than or equal to a value obtained by subtracting a standard 
- deviation a- -from a threshold SNR Th^- - - - 



15 Here, it is assumed that at least two conditions out of the conditions 1 to 3 

in Table 1 1 should be satisfied in order to satisfy me first rate change condition. 
When at least two of the conditions in Table 1 1 are satisfied, the present coding 



rate can be changed to the lower rate and the length of the orthogonal code 
also be changed accordingly. 



can 
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Accordingly, when the first rate change condition is satisfied in step 815, 
the mobile station sends to the base station the requested coding rate and the 
assigned orthogonal code together with a response message in step 8 J 7, and 
changes the coding rate and the ofthogdrifcl cdde~acc6fding""t6 the change rate in 
5 step 8 19 to perform ihe conuniimcitipn service, at the changed rate t _ 



However, when the received i^ate, change request message represents the 
change to the higher rate in step 813, fee decision block 213 of the mobile 
station examines in step 821 whether a second rate change condition is satisfied 

or net-Here, the second rate-change-condition where thcmobite station "changes 

1 0 the present rate to the higher rate, represents a condition in which at least two of 



the conditions in the following Table 12 are satisfied. 



TABLE i t 



Condition 


. • Decisioir 


. 1 • 


- -*A 

(average reverse Tx pbwer for a* particular duration) z Th^- 


. . 2 . 


(average forward link received signal strength (i.e., RSSI or Ec/Io 
of the forward pilot) for a particular duration) s> Th^n- 

-- - - ■ 7 ' 


3 


\tT * - -- --- » 

(average reverse link SNR for a particular duration) ;> Th^-f 



15 



In Table 12, the; condition 1 ^satisfied when an average reverse 
transmission power fpr a particular duration is lower than or equal to a value 
obtained by subtracting a standard deviation, c pwn of the reverse link from a 
2 0 threshold power Th^. Condition 2 is satisfied when an average received forward 
link signal strength (i.e., RSSI or pilot Ec/Io) for a particular duration is higher 
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than or equal to a value obtained by adding a standard deviation of the RSSI, 
°"* t0 a:Areshold RSSI ^ Condition 3 is satisfied When an average received 
forward traffic channel SNR for particular duration is higheVthan or equal to 
value obtained by adding a standard deviation of the SNR, o_ to a tiireshold 
5 SNRTh^. 



a 



Here, it is assumed thatat least twoof the conditions 1 "to 3 in Table 12 
' ■■ shbuldbe satisfied m orderb'saHsfy^ at 

le ^tttvo of the Wditions m Tab^ 
-•6KangedtomeWgherrate^ 

10 tfiaiiged ac^rdin^y! V S- I! 1 '^^'Jr?^,- y-x : ; ;. : . r:/5: . v - ; . , ;r; ;/; . ; : , ^ . 



Accordingly, when the second rate change condition is satisfied in step 
821, the mobile station sends to the base station the requested coding rate and 
the assigned brthogonai code together with a response message in step 817. For 
example, whence present coding rate is^ 1/6, it can be changed to 1/3, and when 
15 the present coding rate is^I/4, it can be '^um^ta'l^Tt^rihth^ 

- orthogonal code can ^ : as^Wll M ;*iic^ , p^ as described in FIG. 

- 9. After sending the changed coding rate and orthogonal code, the decision block 
213 of the mobilestation outputs the cbd^ select signd Csei and'me 

■ orthogonal code number and length signals Who and Wlength for selecting the 
20 requested higher rate to changed Coding rate of the encoder and the orthogonal 
code in step 8 1 9, thereby to perform ine contaunicatioh service at the changed 



rate. 



However, when the rate change request message received from the base 
statibn does'not satisfied both the first and second rate change conditions, the 



# 
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decision blocfc.213 of the mobile station perceives this in step 815 or 821, and 
sends to the.pobile station a response message representing impossibility of 
changing the coding rate and the orthogonal code in step 823, terminating the 
procedure. . . . r ^ r , 

•: r , . - 

5 As stated above, the base station and the mobile station change the coding 

t rate and the orthpgbnal code according to the, rate ^change request message or the 
signal state received from to^pthervpartY ri so that they can^aciaptiyely maintain a 
good rate according to the channel enyi^qnnient Although FIGs. t 7A,.7B and 8 
show jan embodiment which changes.; t>o$h the poding.rate and the orthogonal 
10 code to change the rate, it is also possible to change the rate; by selectively ^ 
changing the coding rate or the orthogonal code according to the channel 
environment . . _ , .. .. K.., yy , y ..^.^ ... v _ 

The forward traffic channel transmission device of FIG. 3 has the 
structure of using a single ^carrier. However,, with the progress of the . , I 
15 communication technology and service, the subscribers to the communication 
- . service are increasing in number. Also, there have been proposed. many methods 
for meeting the subscribers/ demands for the services. As one of the methods, the 
TIA/EIA TR45. 5 conference has proposed the fundamental channel forward link 
structure for the multicamer CpMA system. A method using the multicarrier 
2 0 overlays three forward link carriers for the multicarrier system on three 1 .25MHz 
bandwidths used in the IS-95 CDMA system, or selects the three 1.25MHz bands 
with one forward channel. In this case, all the three carriers used in the . 
multicarrier system have independent transmission powers. 

Accordingly, when the transmission device .of the invention is applied to 
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the multicarrier system, the decision block 213 of FIG: 2 should generate the 
orthogonal code number and length signals Wno and Wlength for generating the 
orthogonal codes for the multicarrier system together with the coding select 
signal Csel for selectmg-the coding rate. Since the respective carriers are 

5 independent of one another, ^e^Walsh code dumber signal Wno output from the 
decision block -213 should also be able fcrassign the orthogonal codes as many as 

- the number of the carriers. . .J., , ... - n -, L 

.~ ■ FIG: 10 iMustntfeSii Mli^er Wmissio-n-d^ce' acc6rduig : together 
" ^ mbodiilient of the^preseht mvention.it is assumed that the forward traffic 
0 channel transmit 

'=ratel6enboder : andaplur^ 
modulating the signals according to'^e three 'carriers. v. i. . 

Referring to FIG. 10, a-seleetoriSO l has a first output end connected to a 
first encoder 3 1 1 and a second output end connected to* second encoder 3 12 
The selector 301 receives input data to' be ^ transmitted and selectively outputs the 
input data to the first encoder 31 i or the Second encoder 3 12 according to the 
select signal Csel output from me decision blocks ' 

The first encoder 3 1 1, upon reception of the data input from the selector 
; 301, encodes and punctures the input data into data symbols at the 1/3 coding 
rate (the first coding rate); That is, the first encoder 3 1 i encodes one input data 
bit into three symbols. A convolution^ encoder or a turbo encoder can be used 
for the first encoder 31 L A first symbol repetition part 321 receives the data 
encoded at the first coding rate, and repeats the symbols output from the first 
encoder 3 1 1 so as to match the symbol rates of the data having different bit rates. 
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A first interleave* 331 interleaves first encoded, data output from the first symbol 
repetition part 321. Ablock interleayer can be used for the first interleaver 331. 

The sepq^d encoder 312, upon reception of the data input from the 
selector 301, encodes and punctoes.the input data into data symbols at the 
5 coding rate 1/6, {the second, coding rate). That is, the second encoder 312 

encodes one input data bit into six symbols. A conyolutiqnal encoder or a turbo 
encoder can be used for the second encoder 3 12. A second symbol repetition part 
322,receiyes the d^ta encoded atithes^nd .co.dm&rate, and repeats the symbols 
output from the -second e$cq4er,?r2 soi^ io matc^lJ^e symbol rates of the data 
10 havingd^fferent-bit r^tes.. A^^ond^m^rIeaxer j ;332 i^tprieayes^second encoded 
data Qutp^fr^^e^ecq^id s^bp|jrep^|i^on f part 3j22 >: A blop^Hiterleayer can 
be used for the seco^intCTlea^r^vS^; ^ rr :--- *' v:\ki* ;< r. ' : 

A long code generator 391 -generates >long 
identification, ,whiclvare differently assigned t;q the respective subscribers. A 
15 decimator 392 decimates the long codes so &s to, match a rate of the long codes to 
. a rate of the symbols output frojn.the interleaves 33 1 and 332. A selector 3 93 
selectively outputs the 4ecimated i long code output from the \decimator 392 to a 
mixer 341 or a mixer 342 according to the encoder select signal Csel. The 
selector 393 switches the decimated long <;ode to the first mixer 341 to select the 
20 1/3 coding rate and to s the second mixer 342 .-to select the, L l/6 coding rate. The 
mixer 34 1 mixes the first encoded data output from the first interleaver 33 1 with 
, the long code output from the selectof 393. The second mixer 342 mixes the 
second encoded data output from the second interleayer 332 with the long code 
output from the ; selector 393. - 
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• •■ Aiirst demultiplexer 1011 demultiplexes data output from the first mixer 
341 to the respective carriers in sequence. Signal mapping parts 1021-1023 map 
levels of the binary data output from the first demultiplexer 101 1 by converting 
:. . data -0» to~« + l • anddata "1 - to » QrmogdtiaI m ,>dulato^ 103 1-1033 inthe 
5 same number as that of the carriers, each include a first orthogonal code 
generator^ shown) which generate a first orthogonal cpdefor orthogonally 
modulating : the first encoded- date according to the orthogonal code number and 
. .. lengthWno and^Wlength output ^ me d e ^dn block 21 3v The orthogonal 

mo ^tors:1031-1033mtdtipi^ 
l e. the orthogonal code number and lengfli Who and Wlengm by me da^ 
from the signal mapping parts 1021-1023, respectively, to generate a first 
orthogonal modulation signal. Here, it is assumed that the Walsh code is used for 
:sthe orthogonal code and a W^code of 
at the first coding rate-of 1/3/' . : . ; : ; 

15, ; A second demultiplexer 1012 demultiplexes data output from the second 
= - mixer 342 to the respective", carriers M-sequence.-Signal- mapp^ parts 1026- 

-1028 map levels,* the binary data output from the second demultiplexer 1012 
v ; by converting data .'0? to <' + l .<< and data "V- to M ». Orthogonal modulators 
1 036-1038, in the same number as that of the carriers, each include a second 
2 0 orthogonal code generators (not shown) which generate a second orthogonal 
r code for orthogonally modulating the second encoded data according to the 
orthogonal cpde number and length Wno and Wlength output from the decision 
block 213. The.orthogonal modulators 1036-1038 multiply the second - 
; ' 0rth ° g0nal C ° de generated hording to the orthogonal code number and length 
25 Wno and Wlength by the data output from the signal mapping parts 1021-1023, 
respectively, to generate second orthogonal modulation signals. Here it is 
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assumed that the Walsh code is used for the orthogonal code and a Walsh code 
of length 128 is used for the data eneoded.at the second coding rate of 1/6. 

m Spreaders 1Q41 - 1 043 combine the first and second orthogonal modulation 
signals output frqm.the. orthogonal modulators 103 1-1033 and second orthogonal 
5 modulators 1036-1038 ^e ; received spreadin 

transmission signds^Hei:e 9 1he.?N;Sreque|iQe Can. be used for the spreading 
sequence and the QPSK spreaders be u^d for the. spreaders:. Gain controllers 
,1,05 1-1053 control gains .of the s?pre£<J signals input froim the spreaders 1041- 
;. 1 ^cording to . gain .control sign^s 
10 195 1-1 053 output different pairiers;; . ; -r, ■ j \i : r .L v . J 

^ . r 7 <- - As ^described. ^aboye^ dt^g the^^ setup jot call processing, the base 

station and the mobile station change the coding rate and the orthogonal code ^ 
according to the channel environment, in order to provide the communication 
service in the good, chameLenviroiiment, By changing the FEC rate for all the ^ 
15 link channels of the CQMA communicatiqn system, it is possible to improve the 
r t ; performance of the.reception device and save the transmission-power of the 
+ transmission device. In addition, it impossible to simply change the rate using the 
. message. : • \^ .. , \ \ } , . , v ^ ^ 

. While the invention has been shown and described with reference to a 
2 0 certain preferred embodiment thereof, it will be understood by those skilled in 
the art that various changes in form and details may be made therein without 
departing from the spirit and scope of the invent as defined by the appended 
claims - , , * 
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^ WHAT IS CLAIMED IS: > 

1. A channel communication device for a code division multiple 
access (CDMA) communication system, comprising: - ••: ; ''•*• - 

a channel receiver for receiving a channel signal; : 
5 a controller for analyzing the received signal arid/or transiting condition 

to decide an environment of-a channel in service, and generating si coding rate 
select signal and brthogbrial code information according to the decision result; 

- " ■ ■;■ " 5 •' a channel transmitter deluding a channel encoder for encoding • - - 
10 transmission data at a coding rafe : selected according to the coding rate' select 
" signal and an- orthdg^on^ modukaWfo^geneiitiiig an orthogonal code according 
to the orthogonal code information to spread said encoded data ; with the 
generated orthogonal code, whereby the channel transmitter selectively encodes 
and spreads the transmission data according to me channel environment. 

15 2. The channel communication device as claimed in claim 1 , wherein 

said controller measures at least one of a receiving power, interference, a bit 
error rate (BER) and a signal-to-hoise ratio (SNR) from the received signal, 
compares the measured values with corresponding upper threshold values to 
generate the coding rate select signal for decreasing the coding rate and the 

20 orthogonal code information for reducing a length of the orthogotial code when 
the measured values exceed the upper threshold values, and compares' Ihe 
measured values with corresponding lower threshold values to generate the 
coding rate select signal for increasing the coding raie : and the orthogonal code 
' : information for increasing the length of the orthogonal code wheri the measured 

2 5 values are below the lower threshold values . • : • 
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3. The channel communication device as claimed in claim 1, wherein 
said channel transmitter comprises: 

. at least two channel enpoders each having different coding rates, for 
encoding an input transmission signal at the corresponding coding rate; 
5 interleaves in the same numbpr as that of the channel encoders, for 

interleaving the corresponding encoded data by a frame unit; ; 

.j selectors for selectively connecting the input transmission signal to 
channel encoders according to the coding rate select signal; L , 

an orthogonal modulator for generating the orthogonal code r : 
1 0 corresponding to the orthogonal code information and spreading the encoded 
: data output from the selected interleavpi^vvith .the -generated orthogonal coc|e; and 
a pseudorrandoro noise (PN) spye^der f or PN spreading the orthogonal 
spread signals . .... n v _: : ... s ~. 7 V r\<* xr ; Vt ; — .. 4 ; ; -. 

4. The chaimel communication device as claimed in claim 3, wherein 
15 said orthogonal code information includes a number and a length of the 

. orthogonal code. , . . r -. r , . . ? v . - : 

, 5>. , A channel reception device for a mpbile station in a CDMA 
. comanunication system, comprising;, 

a PN despreader for PN : despreading a received signal; . .... 
20 .an orthogonal demodulator for generating an orthogonal code 

corresponding to orthogonal code information transmitted from a base station, 
and orthogonally despreading the PN idespread signal with the generated 
orthogonal code; and % . : .,.< ; . . . 

a receiver inpluding deinterleavers and channel decoders corresponding to 
25 at least two rates, wherein the corresponding deinterleaver deinterleaves the 
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"orthogonally despreaded signal and the corresponding channel .decoder decodes 
the deinterleaved signal according to a coding rate select signal transmitted from 
the base station. 

6. The channel reception device as claimed in claim 5, wherein said 
receiver comprises: , . ■ , . : . "v." •.. - ; - 

: deinterleavers proMded in the same number as that of the rates, for 
deinterleaving the ormdgonaUy^despreaded signal; ; - r.-..: \ ;; 
• ■ - - - at least two-channel idecddfer^having different rate, for decoding the 
deinterleaved signal; arid ~Ao>t--s. .it .-. ••)«; •}.-«? b-jr;:^ .• •. . : - ; 

■ i selectbWor selectively c^ to 
the deintef leaver -having me'^espSfi^/rate^and-sglbctiVely oulputtmg an 
output of the channel decoder having the correspdhding rate according to the 
coding rate select signal transmitted from the- base station. ' ' - » r 

7. A channel eommuhicatioh device for a CDMA communication 
system using multiple carriers, comprising: ' - ■ *:.■•■'■■■ ,: : 

. ■ a channel receiver for receiving a channel signal; ' :: 

a controller fdr analyzing the received signal and/or transmitting condition 
td decide an envirdhment of a channel- in service; and generating a coding rate 
select signal and orthogonal code iiiformatidri according to the decision result; 

a channel transmitter including a channel encoder for encoding 
transmission data at a coding rate selected according to the coding rate select 
signal and, orthogonal modulators in the same number as that of the carriers, for 
generating orthogonal codes according to the orthogonal code information to 
spread the encoded data with the generated orthogonal codes, respectively, 
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whereby the channel transmitter selectively controls the coding rate, and the 
orthogonal spreading according to an environment of the channel in service. 

8. The channel communication device as claimed in claim 7, wherein 
said controller measures at least one of a receiving power, interference, a bit 
5 error rate (BER) and a signal-to-noise ratio (SNR) from the received signal, 
compares the measured values \vitbs&orTe§ponj^ng,uppej threshold values to 
generate the coding rate select sig&aj fcr^dfiof easing itbe coding rate and the 
orthogonal .code information foj reducing a Jetigth of the orthogpnal code when 
the measured values exceed the upper threshold v^ups; jand compares the 
10 measured v^ues with Qorrgspo&d^lowie? thj&hpldydu^ the 
^coding rate stlecj ;si|^al fpi^ rate andt th§ qrthpgo^xode 

information for the ingasured 

values are below the lower - thr^shQ^'^a^ues - ; ; ^ 



15 said chaimel transmitter comprises:, * r .w r / \ •< 

at least two channel encoders, each haying different coding rates, for 
encoding an Jnput transmission signal at the corresponding coding rate; 

interleaves for interleaving the encoded data output from the respective 
channel encoders, respectively;; ■ ; i; 
2 0 selectors for selectively connecting the input transmission signal to the 

channel encoder haying the corresponding jcpding rate according to the coding 
: rate select signal; < • .': ; v; 

a demultiplexer for demultiplexing-the interleaved data output from the 
selectors to the respective^ carriers; 
25 orthogonal modulators in the same number as that of the carriers, for - 



9. 



: The channel commixnicatipn device as claimed in claim 7, wherein 
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generating the orthogonal code corresponding to the orthogonal code information 
and spreading the encoded data output from the demultiplexer with the generated 
orthogonal code; and - " - . •;•.* ... . : ,-.. t - 

. transmitters for PN spreadingihe drmogbnalspreaded signals and 
5 transmitting the PN spreaded signals by dairying them on the corresponding 
carriers, respectively. ^ i ; - - _...r. , 

' ; ; ' '"' -'• " ?«• y~:*"i'.iu-A ; - „-. .- -,, •> , ,, ... 

: 40. ; - 'The channel conWutf cation device" as claihiedm claim Prwherem 
said orthogonal c»de-iiifdiAianofe includes a number arid a length of the 
orthogonal code. 

10 ' -. 11- ' Tte 

'"' :i ^* id demultiplexer uniformly distributes 'the"6ric"6ded data to the respective 
carriers. • ' • . • t'z'i : V.-* --^ ■/;...•- . - « • 

: " f •.; -"• : " ' • '. ■ .• b : • 

12. A channel communication method for a CDMA communication 
systern, comprismgme steps of: ' ; - - • : 

15 analyzing an environment of a Channel iri service, arid selecting required 

coding rate and orthogonal code wheri the channel environment satisfies a rate 
change condition; : •' . .. ••• '' „ . . . 

generating a message including information about the selected coding rate 
and orthogonal code and sending the message to a mobile station; and 
2 0 upon reception of a response-message from the mobile station after 

sending the message, switching a coding rate and an orthogonal code, presently 
use, of a channel transmitter to the Selected coding rate and orthogonal code. 

13 . The channel communication method as claimed in claim 12, 



m 



BNSDOCID: <WO_9945660A1_I_> 



WO 99/45660 



PCT/KR99/00094 



; wherein said selection step comprises the steps of:, 

examining a channel condition with the mobtte station to determined 
whether the rate change condition is satisfied; 

selecting a codiAg rate lower than a present coding rate and selecting an 
5 orthogonal code having a lengA : eorresponding to the selected coding rate, when 
a first rate change condition is satisfied; and • ^ ; 

selecting a coding rate higher than a present coding rate of the mobile 
station and selecting an orthogon^rcp^e paving a length corresponding to the 
selected coding rate, when a sQpoi^r§t§ change condition is satisfied ■ 

10 14. The channel communication method as claimed in claim 13, 

: wherein the first .-raj^ change e©^ a transmission power to 

the mobile station |s idgtiey thapj an-ay^age;jtra^smssion power of ajl the mobile 
stations presently in service and there are available orthogonal codes ::: 
corresponding to the selected coding rate. 

15 15. The channel communication method as claimed in claim 14 y 

- wherein said average tr^smissiQn power js obtained by subtracting a power 
margin from a maximum 

dividing the subtracted power value by the number of the mobile stations 
presently in service. v - : : - a . * - 

20 , ; 16. The channel communication method as claimed in claim 13, 
wherein said orthogonal code selection .step comprises the steps of: r ■ . 

selecting a length of an orthogonal code corresponding to a coding rate, 
and selecting unused orthogonal codes among the orthogonal codes having the 
selected length; ; . : 
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examining a non-orthogonality between the selected orthogonal codes and 
orthogonal codes longer than the selected orthogonal codes and excluding 
orthogonal codes unsatisfying an orthogonality therebetween; • ' ' .-. 
- determining whether complementary orthogonal codes of the orthogonal 
5 codes remaining after exclusion are in use or not; c . ' : 

assigning one of the orthogonal codes whose complementary orthogonal 
codes are in use; 

when thecomplementa^brmogona 
orthogonal codes remaining after the exclusion are all not in ^examining the 
10 non-orthogonahty between me remaining orthogonal codes and orthogonal codes 
shorter than me remaining orthogonal codes and excluding the orthogonal codes 
■unsatisfying me'6rm>goiial^tiiWgbe^^ and-- < - f > ■■ 

assigning one of the orthogonal codes remaining after the exclusion. 

1 7. The channel communication method as claimed in claim 13, 
15 wherein the first rate change condition is satisfied when a transmission power to 
the mobile station is higher than ah average transmission power of all the mobile 
stations presently in service, there are available orthogonal codes corresponding 
to the selected coding rate, a receiving strength of a reverse link is lower than a 
reference strength value, arid a signal-to-noise ratio of the reverse link is lower 
2 0 than a reference signal-to-nbise ratioi - f 

18. The channel communication method as claimed in claim 13, 
' wherein the second rate change condition is satisfied whetf a transmission' power 
to the corresponding mobile station is ldwerman a reference average 
transmission power to" the other mobile stations. - 
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19. - The channel communication method as claimed in claim 13, 
wherein the second rate change conditionis satisfied when a transmission power 
to the corresponding mobile station i& lower jthan a reference average \ 
• , . . transmission power the other mobile statiqps; a receiving strength of a reverse 
5 link is higher than a reference strength value, and a signal-to-noise ratio of the 
reverse link is higher than a reference signal-to-noise ratio, ; : , 

^ 20. ■ A chaM for a CDMA communication 

, system,xomprising the steps of; ; ; - ; :u l: : o: : : ; r 

; . upon re^ from a mobile station,: 

jL.O selecting a coding rate according to the receivcimessage anti detfeixnining 
whether there exist available orthogenics, cprrespipnding to the; selected 
.coding, rater *c T -,. , : , :; , Lri -^t.,,^- t : .\ ; % : ,~ , ' - < { 

generating a response message including information about the selected 
coding rate and orthogonal; code and sending the generated message to the 
15 corresponding.mpbile station; and ~ ? ■ : ; ' f ' 

: switching the present coding rate ai^d orthogonal code of a channel 

transmitter to.the selected coding rate and orthogonal code.; ^ ^ 

21. , The channej communication method, as claimed in claim 20, 
wherein said selection step comprises the steps of: J/ : - < , 
2 0 examining a channel condition with the mobile station to determined 

whether the rate change .condition is satisfied; . _ 

. selecting a cpding rate lower than a present coding rate of the mobile 

station and selecting an orthogonal code having a length corresponding to the 
selected coding rate, when a first rate change condition is satisfied; and ; 
25 selecting a coding rate higher than a present coding rate of the mobile 
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station and selecting an orthogonal code having a length corresponding to the 
selected coding rate, when a second rate change condition-is satisfied 

-;22. Thetiiaimd-canimim^ 
wherein the first rate change condition is satisfied when a transmission power to 
5 the mobile station is higher, than an average transmission power of all the mobile 
stations presently in service and there are available orthogonal codes 
corresponding, to the selected coding rate: ( - : ;.: 

: - 23, :.y .Therchaibelrcl^i^^Gta^tffeinod-as' claimed in claim 22, 
: wherein;said average transiiussion power is obtained by subtracting a power 
•margin from" a maximuni trafermssi^ipower of the base station and then 
dividing me-subtr^ed power value by the riukb^'dfae mobile^fioiis 
presently in service. .- - • - . • . , , .. . 

24. -i :The channel Gommumcation memod as claims 
wherein said orthogonal code selection step-comprises the steps of: ' 

selectmg a length of an orthogonal code corresponding to a coding rate, 
and selecting unused orthogonal codes among the orthogonal codes having the 
selected length; 

examining a non-orthogonality between the selected orthogonal codes and 
orthogonal codes longer than the selected orthogonal codes and excluding 
orthogonal codes unsatisfymg-ari orthogonality therebetween;- : 

determining whether complementary orthogonal codes of the orthogonal 
codes remaining after exclusion are in use or riot; ' — " • 

assigning one of the' orthogonal codes whose complementary orthogonal 

codes are in use; 
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' when the complementary orthogonal codes correspondinjg to the 
orthogonal codes remaining after the exclusion are all not in use, examining the 
non-orthogonality between the remaining orthogonal codes and orthogonal codes 
shorter than the remaining orthogonal codes and excluding the orthogonal codes 
5 unsatisfying the orthpgonahtytherebetween; and; 

assigning -one->of the orthogonal codes rem^oiiig after the exclusion. 

25. The channel communicatioii metiiod: as claimed in daim 21, 
wherein the first rate change condition is satisfied when a transmission power to 
the iqpbile station is Hgfr^Jhm an-av^rags-tr^ of jdl the mobile 

1 0 stations presently in; service .there are, ayp^able Qj^hogonal codes corresponding } 
tQ : the selected; ^ coding rate,, a receiving istfength : of a reverse linjc is; lpwer . than a 
reference strength.yalue^ .and^ sj^^rtornpisEe ratio, pf £he reverse link is lower 
than a reference signal-to-noise ratio. .> 

26. The channel commymcatipn.metiiod as daimed in claim 21, 

15 wherein the second rate change condition is satisfied when a transmission power 
to the corresponding mobile station is loweirrthan a reference average 
transmission power to the other mobile stations. , ^ 

27. The channel communipatjon method a?< claimed in claim 21, 
wherein the second rate^ change condition is satisfied when a transmission power 

2 0 to the corresponding mojbil? station is lower than a reference average 

transmission power to the: other mobile stations, a receiving strength of a reverse 
link is higher than a reference strength value, and a, signal-to-noise ratio of the 
reverse link is higher than a reference signal-to-npise ratio. ; 
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28. A channel communication method for a CDMA communication 
system, comprising the steps of: 

. - -ana3y 7 ingan,eavironme n tofaGh^ 

rate change condition is satisfied, and sending, a ^ change: request-message to a 
5 base station when the rate change condition is satisfied; and 

upon reception of a response message from the base station after sending 
the message, switching a coding rate a*Nn: orthogonal code, presently in use, of 
a !C hannelrew^ , 

corresponding to information included in the response message - ■ -v- 

10 29. The channel communieation method as claimed in claim 28, - 

wherein said rate change condition determination step comprises the steps of: 

station; ; / . 

- selecting a coding rate lower than a present coding rate, when a first rate 
' 15 change conditidh.is satisfiedpand v (■ > 

selec ^gac°d^ 
. rate change condition is. satisfied - . : . , 

30. The channel communication method as claimed in claim 29, 
wherein the first-rate change condition is satisfied when at least one of the 
2 0 following conditions is satisfied: ' - - 

condition 1 : an average reverse : link transmission power is higher than an 
upper threshold trahsmissidri power; • ' • ' : . > . . , 

condition 2 : an average forward link receiving strength is lower man a 
lower threshold receiving strength; and : . . :. 

25 condition 3 :anaverage forward link signal^noise ratio is lower than a 
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lower titireshold signal-to-noise ratio, . 



31.;; Jhe channel communication method as claimed in claim 29, 
■ .wherein the. second rate>ehange condition is, satisfied when: at least one of the 

following conditions is satisfied: ."*;< : t : ■ , 

5 . condition 1 ; an average reverse link rtransmission power is lower than a 

lower threshold transmission power; . , . r/. . :l. 

condition 2 : an average forward, link ^receiving strength is higher than an 
upper threshold receiving strength; and . t, : /s ; f j? ? w : ; i j ^ --v. 

condition 3 : an average forward link signal-to-noise ratio is higher than 
10 an upper, threshold ^ sigpal-tp : noise ratio. : , ^ : ; ; : 

t ; ; V A channel cpmm^catipn me&odfor-a GDMA eoirimimication 

system, comprising the steps of: 
.» ; t upon reception of a rate change request message from a base station, , 

selecting a coding rate and an orthogonal pod§ according to information included 
15 in the request message and sending a response .message to the btase station; and 
changing a decoding rate and a despreading orthogonal code, presently in 
use, of a channel receiver to the selected coding rate and orthogonal code. 

33. A channel communication method for a CDMA communication 
system, comprising the steps of: - : ; »; 

.20. , upon reception of a rate change request message from a base station, 
determining whether it is possible to change present decoding rate and a 
despreading orthogonal code to a coding rate and an orthogonal code 
corresponding to information included in the request message; 

generating and sending a response message to the base station and 
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changing the present decoding rate and orthogonal code to the decoding rate and 
a despreading orthogonal cdde corresponding to information included in the 
request message, when it is possible to change the present coding rate and 

. orthogonal code; "and - . . - v : , ; . 

generating and sending a message representing impossibility of the rate 
change to the base station, when it is impossible to change the present coding 
rate and orthogonal ; code: .-. ; ••, . v- 



34 ' "' A c ^ercdmmunicatioii^thod ^ aCDMA^cbihmonication' 
system, comprising the steps of: 

10 •• :«decritifir* lcna»i t^-^fiiiic^^-ccide <anh^oiidiiig w « coding ntp. 
and selecting unused orthogonal codes among** orthogonal codes having the 

selected length; ^ izso^n; ^... m.r.r^ ■ < :r ; ... 

- ^ exaininmg a non-ormog^^^ 
orthogonal codes longer than the selected orthogonal codes and between the 
15 selected orthogonal codes and orthogonal codes' shorter than the selected 

orthogonal codes, and excluding orthogonal codes unsatisfying an orthogonality 
therebetween from the selected orthogonal codes;' and - 
assigning one of the orthogonal codes remaining after exclusion. 

35. A channel communication method for a CDMA communication 
2 0 system, comprising the steps of: 

selecting a length of an orthogonal code corresponding to a coding rate, 
and selecting unused orthogonal codes among the orthogonal codes having thJ 

selected length; 

exarnining a non-orthogonality between the selected orthogonal codes and 
25 orthogonal codes longer than the selected orthogonal codes and excluding 
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orthogonal codes unsatisfying an orthogonality. therebetween; 

. determining whether complementary orthogonal codes of the orthogonal 
codes remaining after exclusion are in use or not; and ,i : 

assigning one of the orthogonal codes whose complementary orthogonal 
5 codes are in use. 



36. The channel communication method; as claimed in claim 35, 

N 

wherein said complementary orthogonal code is determined by (i+-2")mo< 
(\yhere i is an orthogonal code number and, N is, an orthogonal code length 



- ;r v.; 3 7- J^t channel communication jg^thod ..as : claimed ip claim 35, 
10 further comprising the steps^of: - i^.wr:- ; : . ^ . . ! 

when the complementary orthogonal codes corresponding to the :J 
orthogonal codes remaining after the exclusion are all not in use, examining the 
non-orthogonality between the remaining orthogonal codes and orthogonal codes 
shorter than the remaining orthogonal codes and excluding the orthogonal codes 
15 unsatisfymg.the orthogonality therebetween; and assigning one of the orthogonal 
codes remaining aftqr the exclusion. 7 ^ . :: . ; ; > 
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